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IMPORTANT NEW MACMILLAN TEXTS 


JUST PUBLISHED... 
THEORETICAL HYDRODYNAMICS, 


fourth edition 
By L. M. Milne-Thomson, University of Wisconsin 


‘the fourth edition of this modern classic for advanced work in 
fluid dynamics features several additions: the formulae of 
Plemelj for solving certain boundary value problems, a sys- 
tematic discussion of flow under gravity with a free surface, 
a treatment of the surface wave of constant form and the 
‘exact linearised theory’ which flows from it, and an account 
of some comparison theorems—including Serrin’s ‘undercover’ 
theorem. 

1960 660 pages $11.00 


COMING SPRING 1961... 


PLANT LAYOUT AND DESIGN 


By James M. Moore, Clarkson College of Technology 


This text for undergraduate courses in plant layout is unique 
in presenting its subject within the framework of recently 
developed quantitative operations research techniques. Em- 
phasis throughout is on application rather than theory. Care- 
fully selected problems provide opportunities for practical 
experience and each chapter contains a summary and concise 
reference list. 


INTRODUCTORY SOIL MECHANICS 
AND FOUNDATIONS, second edition 


By George B. Sowers, Consulting Civil Engineer, Cleveland, 
Ohio; and George F. Sowers, Georgia Institute of Technology 


The second edition of this introductory text on modern soil 
mechanics and foundations places more emphasis than the 
original on the physics of soil mechanics. New features include 
the most modern theories of cohesive soil structure, the physical 
properties of clay soils, and the analysis of both shallow and 
deep foundations. 


Lhe Macmillan 6 


60 FIFTH AVENUE, NEW YORK 11, N.Y. 
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... Outstanding Recent Publications 


1301 REVIEW PROBLEMS from EIT and 
PROFESSIONAL REGISTRATION EXAMINATIONS 
with Answers and Typical Solutions 


By R. C. BRINKER; J. J. BOURQUIN; P. C. HASSLER, JR.; 
J. A. WHITACRE, JR.; and P. W. YOUNG, all of Texas Western 
College. 388 pages. $6.00. 1960. 


ENGINEERING MECHANICS: STATICS* 


By DAVID I. COOK and DONALD N. PIERCE, doth of The 
University of Nebraska. 227 pages. $4.75. 1960. 


INTRODUCTION TO ENGINEERING COMPUTATIONS 


By CHARLES M. FOGEL, The University of Buffalo. 210 pages. 
$5.00. 1960. 


WATER SUPPLY AND SEWERAGE 


By WILLIAM A. HARDENBERGH and EDWARD B. RODIE, 
both of Public Works Magazine. 540 pages. $8.50. 1960. 


STRUCTURAL ANALYSIS 


By JACK C. McCORMAC, Clemson College. 375 pages. $8.00. 
1960. 


ADVANCED DYNAMICS For Engineers 


By GERALD M. SMITH and GLENN L. DOWNEY, doth of The 
University of Nebraska. 354 pages. 39.50. 1960. 


SOIL ENGINEERING, 2nd Ed. 


By MERLIN G. SPANGLER, Jowa State University. 483 pages. 
$7.50. 1960. 


ALTERNATING-CURRENT CIRCUITS, 3rd Ed. 


By the late K. Y. TANG, The Ohio State University. 612 pages. 
$8.50. 1960. 


*The authors’ volume on DYNAMICS and a combined book entitled 
ENGINEERING MECHANICS will be available in the spring of 1961 


INTERNATIONAL TEXTBOOK COMPANY 


Scranton 15, Pennsylvania 
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WHAT GOES ON HERE ? 


Bell Laboratories’ new electronic 
“nerve cell” is a step toward finding out. 


One fascinating area of communica- 
tions has long resisted exploration—what 
happens inside the nervous system when 
you see, or when you hear. It is of 
special interest to telephone science; 
knowledge of how the nervous system 
handles sound and picture signals can 
help determine what information is es- 
sential to perception. This in turn may 
lead to more efficient communication 
instruments and systems. 


To probe the mystery of nerve activ- 
ity, Bell Telephone Laboratories scien- 
tists have developed an electronic 
model of a living nerve cell or neuron. 
Consisting of transistors, resistors, ca- 
pacitors and diodes, the “artificial 
neuron” exhibits many of the charac- 
teristics of a living neuron; for instance, 
“all-or-none” response and fatigue. 


In one experiment at Bell Labora- 
tories, a network of artificial neurons 
is subjected to a stimulus from light 
through a set of photocells. The net- 
work can distinguish specific patterns 
of light and dark, thus duplicating 
roughly some of the eye’s basic reac- 
tions to light. Similar studies are under- 
way to explore our hearing processes. 


At present, too little is known about 
neural action to permit exact electronic 


BELL TELEPHONE LABORATORIES ¢ 


World Center of Communications Research and Development 


duplication. But experiments with arti- 
ficial neurons can provide suggestive 
clues, thus helping to develop a stimu- 
lating interplay between electronics 
and neurophysiology which may help 
workers in both disciplines. 


The human nervous system, includ- 
ing the brain, is the most efficient and 
versatile data processing system known; 
and data processing is an essential part 
of communications. The artificial neu- 
ron provides a new approach to investi- 
gating and understanding basic nerve 
network functions. It is a fresh example 
of how Bell Telephone Laboratories 
constantly explores new frontiers to im- 
prove America’s communications sys- 
tem, now and in the years ahead. 


Network of neurons is assembled by L. D. Harmon 
of Bell Laboratories, the initiator of this new 
research. Many assemblies are possible. 
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Outstanding RONALD books... 


HIGHWAY ENGINEERING 


LEO J. RITTER, Jr., 
Associate Editor, “Engineering News-Record,” and 
RADNOR J. PAQUETTE, Georgia Institute of Technology 


Second Edition offers up-to-date, co-ordinated coverage of all phases 
of highway engineering. Logically organized, it examines major 
factors in the order in which they would be encountered in the develo 

ment of a highway system. In addition to practical material on the 
preparation of plans and contracts, facts on modern equipment, and 
construction and maintenance details, book fully covers the ad- 
ministration, economics, financing, and over-all planning of a modern 
highway. ‘The erceptional tert in the field today.”’—Neilon J. Rowan, 
Agricultural and Mechanical College of Texas. 2nd Ed., 1960. 756 
pp.; 363 ills., tables. $10.00 


BASIC SOILS ENGINEERING 
B. K. HOUGH, Cornell University 


A comprehensive treatment of the basic aspects of soil properties 
and the engineering behavior of soils. Book outlines present thinking 
in the field, including a discussion of the development of osmotic 
pressure in clays and its effect on soil structure and compressibility, 
a new theory for the migration of water into zones of freezing, a clari- 
fication of the distinction between solid and viscous friction effects in 
soils generally, etc. ‘‘Very complete and well written.” —E. J. Yoder, 
Purdue University. 1957. 513 pp.; 227 ills., tables. $8.00 


PHOTOGRAMMETRY and 
PHOTO-INTERPRETATION 


With a Section on Applications to Forestry 


STEPHEN H. SPURR, University of Michigan 


Second Edition of “Aerial Photographs in Forestry” discusses and 
utilizes significant developments in the techniques of aerial pho- 
tography, photogrammetry, and particularly in the growing art of 
photo-interpretation. Book brings together specialized material on 
the use of aerial photographs in vegetation mapping, forest inventory, 
and forest management. Includes helpful line drawings, recent aerial 
photographs, new photographic materials, and photogrammetric equip- 
ment. ‘Exceptionally interesting and _ ‘ScrENCE. 
1960. 472 pp.; 170 ills., tables. $12.00 


PROCESS ENGINEERING CALCULATIONS 


Material and Energy Balances 
MACK TYNER, University of Florida 


This practical book is designed to help the chemical engineer develop 
facility in applying the laws of conservation of matter and of energy to 
the solution of problems in the feed preparation, chemical reaction, 
and separation steps of industrial processes. Includes a chapter on 
nuclear fuels, a unified treatment of separation processes, an intro- 
duction to differential material and energy balances, a wide variety 
of problems. Jnstructor’s Manual available. 1960. 402 pp.; 169 ills.. 
tables. $8.50 


THE RONALD Press COMPANY 


15 East 26th Street, New York 10, New York 
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... for Engineers 


NONLINEAR ELECTRICAL NETWORKS 
WILLIAM LEWIS HUGHES, Oklahoma State University 


Thorough treatment of nonlinear electrical elements and networks, 
stressing methods of analysis and general physical phenomena. 
Covers: the nature of common nonlinear electrical elements; circuits 
and analytic methods involving no energy-storage elements; analysis 
of linear and nonlinear networks with energy-storage elements; steady- 
state and transient analysis of more complex networks; general con- 
cepts of system stability; and finite amplitude oscillation and stable 
integral and integral-ratio subharmonics. Jnstructor’s Manual avail- 
able. 1960. 313 pp.; 136 ills., tabies. $10.00 


ELECTROMAGNETIC THEORY and 
ENGINEERING APPLICATIONS 
JOHN B. WALSH, Columbia University 


A concise introduction to electromagnetics from the engineer’s view- 
point. Emphasizing basic concepts, book presents the essentials of 
field theory and then clarifies them by showing their application to 
distributed-parameter circuits. Transmission lines are fully covered 
with valuable material on incident and reflected waves, matching, use 
of Smith chart, elements of vector analysis, etc. The RMKS system 
of units is used throughout. Includes exercises and problems empha- 
sizing the main points of each chapter. “A very clear and careful 


presentation of the field theory for engineers . . .’—Carl Barns, 
Swarthmore College. Instructor’s Manual available. 1960. 286 pp.., 
180 ills. $8.50 


ADVANCED DYNAMICS 
JOHN E. YOUNGER, University of Maryland 


The fundamental concepts of moving axes, Lagrange’s equation, and 
other principles as the basis for the solution of advanced problems. 
Emphasis is given to applications of the theory to problems of vibra- 
tion. Many carefully selected examples, worked out in detail, illus- 
trate the application of basic dynamic principles and methods. “A 
valuable contribution to the engineering field.’—D. W. Breuer, Air 
Force Institute of Technology. 1958. 285 pp.; 101 ills., tables. $8.50 


LUBRICATION of BEARINGS 


Theoretical Principles and Design 
E. |. RADZIMOVSKY, University of Illinois 


This concise volume stresses thorough comprehension of fundamental 
’ principles. The important equations, formulas, and design criteria 
are derived logically from basic theory. Major emphasis is given to 
hydrodynamic theory; and the practical aspects of bearing design, 
materials, and the thermal equilibrium of bearings are covered 
thoroughly. English physical units are used for all derivations, and 
numerous examples and problems demonstrate applications of theory. 
1959. 338 pp.; 166 ills., tables. $10.00 


THE RONALD Press COMPANY 


15 East 26th Street, New York 10, New York 
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Harmonic shakedown for cars 


The “vehicle stroker,” pictured above, helps General Motors 
engineers investigate harmonic vibration, roll rates and 
dynamic ride properties of an instrumented car. Through 
electronics, researchers are able to measure accurately the 
resonant frequencies of a car’s major components, and actu- 
ally plot elastic deflection curves and phase relationships to 
improve car structure. 


To young students willing to tackle the problems of 
modern technology, General Motors offers unlimited 
opportunity in a vast number of scientific and engineer- 
ing fields—automotive research, production engineer- 
ing and manufacturing, electronics and astronautics, 
to name a few. 


Talent is recognized and rewarded, and GM’s expe- 
rience and diversification create a favorable climate 
for growth. 


There’s also a program of financial assistance for 
postgraduate and undergraduate work. For complete 
information students should write to General Motors 
Salaried Personnel Staff, Detroit 2, Michigan. 


GENERAL MOTORS 


GM positions now available in these fields for men holding Bachelor's, Master's, and Doctor's degrees: Mechanical, 
Electrical, Industrial, Metallurgical, Chemical, and Ceramic Engineering « Mathematics ¢ Industrial Design ¢ 
Physics ¢ Chemistry © Engineering Mechanics ¢ Business Administration and Related Fields. 
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..a hand in things to come 


The world of Union Carbide 
... brings you better products from the basic elements 


You’re probably one of the millions 
who have used such Union Carbide products as 
PRESTONE anti-freeze, EVEREADY flashlights and 
batteries, or Pyrorax bottled gas. But the major 
part of Union Carbide’s output is in basic mate- 
rials, employed by more than 50,000 industrial 
customers to fill your life with useful things. 

The 70,000 people of Union Carbide 
operate more than 400 plants, mines, mills, labo- 
ratories, warehouses, and offices in the United 
States, Canada, and Puerto Rico. With vast re- 
sources and skills, and the help of 35,000 suppliers, 
they create a variety of products in the fields of 
metals, carbons, gases, plastics, and chemicals. 

It is men and women working together 
to provide new and better materials that gives full 
meaning to Union Carbide. And the people of 
Union Carbide will go on bringing you the neces- 
sities and conveniences that will heip keep our 
standard of living the highest in the world. 


Periodic Chart © Welch—Chicago 


The terms ‘‘Eveready,’’ “‘Prestone,” ““Pyrofax,” and “Union Carbide” 
are trade marks of nion Carbide Corporation. 


Learn about Union 


Carbide’s activities in 
alloys, carbons, chem- 
icals, gases, plastics, 
and nuclear energy. 
Write for ‘‘Research at 
UnionCarbide’’ Book- 
let JE, Union Carbide 
Corporation, 270 Park 
Avenue, New York 
17, N. Y. In Canada, 
UnionCarbideCanada 
Limited, Toronto. 


UNION 
CARBIDE 


...a hand in 
things to come 
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Petroleum 
Engineering: 
Drilling and Well 
Completions 


by CARL GATLIN, The 
University of Texas 


This text contains an analy- 
sis of the procedures, required 
materials and basic 
siderations involved in the 
successful drilling, testing, 
evaluation and completion 
of an oil well. Reservoir en- 
gineering concepts are corre- 
lated with the drilling phase 
in logical sequence. Current 
literature has been fully ex- 
plored in the writing of the 
text to present the student 
with the latest findings. 


1960 341 pp. 
Text price: $9.75 


Significant 
teats 


Oil Property Evaluation 
by JOHN M. CAMPBELL, University of Oklahoma 


Divided into three parts, this text is substantially self-con- 
tained, but with full continuity between its divisions. Part I 
deals with petroleum industry economics, including forecasting 
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present trends. Part II is concerned with the calculations of JUsing a f 


reserves and prediction of future reservoir performance, con- 
taining a comprehensive discussion of tools available for this 
purpose. Part III deals primarily with application of tools and 
factors discussed in preceding chapters. 


1959 512 pp. Text price: $9.00 


a pract 
hips of th 
from the fi 
of this dev 

atics is 1 


1959 


To receive approval copies 


write: Box 903, Dept. JEE 


3 


er 1960 JOUR. ENG. ED.—December 1960 


pplied Petroleum Reservoir 


Engineering 
by B. C. CRAFT and MURRAY F. HAWKINS, JR., both 
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is of Louisiana State University 
LIN, The Pete is a fundamental, theoretical approach to petroleum reser- 
oir engineering plus application of theory and mathematical 
ms forms in practical terms. Each topic is introduced from basic 
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» Fequited jrical units. 
Se 11959 512 pp. Text price: $9.00 
d in the 
re rocess Money and the 
Calculations Chemical 
re come | KARL KAMMER- [Engineer 
ng pha MEYER and JAMES O. by JAMES O. OSBURN 
8P OSBURN, both of State and KARL KAMMER- 
Current } University of Iowa MEYER, both of State 
fully et fr.is book presents the fun- University of Iowa 
g Of the famental principles of stoi- Showing modern methods, 
student fhiometry and industrial this book helps to develop 
lings,  ffhemical calculations in the analytical skill and sound 


ensive manner most suit- 


ble to the introductory 


= concise and compre- 
$9.75 


course. 
1956 188 pp. 


judgment. 

Instructor’s Manual— 
Available free upon adop- 
tion (Restricted) 


1958 201 pp. 


Text price: $4.50 Text price: $4.50 


‘Thermodynamic Principles 


self-con- 

"| for Chemical Engineers 

recasting } 5 ROGER GILMONT, Polytechnic Institute of Brooklyn | 

ations of fUsing a fundamental approach to aid the chemical engineer 

ice, con- #5 4 practical scientist, this text develops the basic relation- 
for this hips of thermodynamics used in chemical engineering directly 

cols aan rom the first and second laws. The author analyzes every step 


pf this development, building the principles with the utmost of 
mathematical rigor and exactness. No form of higher mathe- 
e: $9.00 fmatics is used by the author. 


1959 339 pp. Text price: $8.25 
al_copies | PRENTICE-HALL, Inc. 
apt. JEE Englewood Cliffs, New Jersey 
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X-RAY METALLOGRAPHY 


By A. Taylor, Westinghouse Research Laboratories, Pittsburgh. The 
main theme of this book is the application of X-ray techniques to the 
study of metals and their alloys. It also includes references to analogous 
neutron and electron diffraction procedures. Its object is to give the 
metallurgist an appreciation of X-ray methods as they apply to his 
particular field of work, and to present the X-ray crystallographer, un- 
trained in the metallurgical arts, with a suitable introductory text. /96/. 
Approx. 1120 pages. Prob. $27.00. 


COUPLED MODE and PARAMETRIC ELECTRONICS 


By William H. Louisell, Bell Telephone Laboratories, Inc. This book 
has been written so that a first year graduate student or a senior in 
electrical engineering who has had a course in Maxwell field theory will 
be able to read it and profit from it. Study of the book will provide a 
solid background in the theory of beam type microwave tubes and 
parametric amplifiers as well as a more than adequate working knowledge 
of coupled mode systems and their applications. /960. Approx. 296 
pages. Prob. $11.50. 


The THEORY and DESIGN of INDUCTANCE COILS 
Second Edition 


By V. G. Welsby, University of Birmingham, England. Written for 
engineers and engineering students, this book deals with the theory 
underlying the design of inductance coils, the applications of which range 
from extremely small tuning coils used in radio apparatus and rocket 
telemetering systems to heavy-duty choke coils used in supply system 
engineering. /960. In Press. 


CASE STUDIES in ELECTROMAGNETISM 


By Hermann A. Haus and John P. Penhune, Massachusetts Institute of 
Technology. Designed to demonstrate the application of Maxwell’s 
equations to the solution of specific problems in electromagnetism, the 
book discusses questions seldom treated in textbooks but important for 
understanding the theory of electromagnetism and its practical applica- 
tion. 1960. 335 pages. $6.50. 


ERROR DETECTING CODES 


By W. Wesley Peterson, University of Florida. Emphasis is placed on 
types of codes which have mathematical, and especially algebraic, struc- 
ture. Serves well as an introduction to the subject with a detailed treat- 
ment of the development of error detecting codes, their theory, and the 
methods of implementing them. A Technology Press Research Mono- 
graph. /960. In Press. 


Send for examination copies now. 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South New York 16, N.Y. 
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A $50,000 POLICY 
FOR $106.50? 


he 

he 

This professor was delighted: 

4 He found TIAA’s new low-cost Home Pro- 
tection Plan the perfect answer to his 
need for a great deal of insurance now 
but less as the years go by—as his 

children grow up, savings and _ invest- 

in ments increase, the mortgage is paid off. 

ill 

a 

id 

“ At his age of 30, a 20-year Home Protection policy providing a $50,000 initial 
amount of insurance calls for a level annual premium of $193. The cash dividend 
of $86.50 at the end of the first policy year reduces his first year net cost to $106.50, 
according to the current dividend scale. Dividends are declared once each year 
and thus cannot be guaranteed for the future. 

or This level premium Term plan provides its largest amount of protection 

4 initially and reduces by schedule each year to recognize decreasing insurance needs. 

.t Insurance periods of 15, 20, 25 or 30 years are available. 

. Teachers Insurance and Annuity Association (TIAA) is a unique, nonprofit 
life insurance company established by Carnegie organizations in 1918 to serve 
the field of higher education. 

Any full- or part-time employee of a college, university, nonprofit private 

's school or nonprofit educational or research organization is eligible to apply for 

e TIAA individual life insurance—regardless of whether the institution has a TIAA 


retirement plan. Do you qualify? If so, send for your personal illustration of the 
new Home Protection Plan (issued at age 55 or younger)—or use the coupon to 
ask for details on TIAA’s many other low-cost plans. 


We employ no agents—no one will call on you. 


- 
Please send information on: 


| 

TIAA 

| 730 Third avenue) 
| New York 17, N.Y. Oo other plans available. 


year policy of amount. 


Date of 
Name Birth 
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Employing Institution 
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Available this month 
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Offered at a special pre-publication price 


THE ENCYCLOPEDIA 
OF SPECTROSCOPY 


edited by GEORGE L. CLARK 


Research Professor, Department of Chemistry 


University of Illinois 


PRICE UNTIL JANUARY 31, 196!............... $22.50 
PRICE AFTER JANUARY 31, I961............... $25.00 


1960, 7 x 10, Illustrated, over 800 pages 


A multi-author, one-volume survey of the entire field . . . 


Beginning with a masterly treat- 
ment of Absorption spectroscopy and 
running alphabetically through X-ray 
emission spectra, this unique new ref- 
erence contains a wealth of remarkably 
condensed, clearly presented informa- 
tion on every branch of spectroscopy. 
Over 160 internationally recognized 
authorities have contributed to this 
volume. Each author was selected not 
only on the basis of his technical 
knowledge and proficiency, but also on 
his ability to write lucidly and vigor- 
ously. Thus, the encyclopedia excels 


Reflects latest developments 
in research and applications . 


This encyclopedia not only collects 
and integrates all available material, 
it also presents information on new 
and previously unpublished achieve- 
ments and discoveries, such as optical 
masers, the Mossbauer effect, X-ray 
from the sun, the X-ray telescope, and 
-time-of-flight mass spectrometers. It 
undoubtedly has the most thorough 
coverage of infrared spectrophotometry 
ever published. Liberally illustrated, 


from the point of view of effective 
communication as well as technical 
accuracy. 

The articles contained in the book 
are not merely abstracts or highly 
condensed versions of original manu- 
scripts. Each article was especially 
written for inclusion in this volume 
and covers every major aspect of its 
topic. In addition, the material is 
presented in such a way as to be easily 
understood by readers unfamiliar with 
the subject, yet is sound and compre- 
hensive enough to satisfy the expert. 


the volume contains diagrams, charts, 
spectra and photographs of modern 
equipment. A carefully prepared ref- 
erence accompanies each article. 
Designed to meet the needs of sci- 
entists, engineers, teachers, students, 
manufacturers—in short, everyone who 
has recourse to spectroscopy, whether in 
research, study or work—this depend- 
able reference provides a wealth of 
information in one convenient volume. 


Reserve your copy now 


REINHOLD PUBLISHING CORPORATION 
Dept. M-737, 430 Park Avenue, New York 22, N. Y. 
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6 Horsepower 
instructional Francis 
Turbine 


We manufacture a range of instructional water 
turbines — Kaplan, Francis and Pelton Wheels — 
designed specifically for use in university laboratories. 


For full formation, write for Bulletin M6 to:— 
Misco, Incorporated, 


C. A. Auffmordt & Co., oR 1123 West Hanford Street. 
225 Fourth Avenue, Seattle, 4, Washington. 
New York, 3, N.Y. or direct to:— 


GILBERT GILKES & GORDON LTD 
WATER TURBINE & PUMP MANUFACTURERS 


KENDAL Telephone: Kendal 28 ENGLAND 
London Office: CRAVEN HOUSE, KINGSWAY, LONDON W.C.2 Telephone: HOLBORN 3231 


know about 
tomorrow: 


Westinghouse walls may light, heat and cool 
the home of the future 


Is it possible? Definitely. Who can do it? Engineers and 
scientists at Westinghouse. How soon? About ten years. 

The change may create a completely new kind of home. 
Thin wall coverings, called Rayescent panels, will replace 
furnaces, air conditioners, light fixtures. 

A new source of light called electroluminescence will 
make the walls glow. A new source of heat and cold, 
thermoelectricity, will make them radiate heat in winter, 
absorb it in summer. 

Both effects will be produced by ordinary electric current. 
The whole heating-lighting-cooling system will have not a 
single moving part to make noise or wear out. And the 
system will last almost forever. 

This is just one of the many research projects that help 
make Westinghouse an exciting and rewarding place for 
young engineers. For more information for your students 
write L.H. Noggle, Westinghouse Educational Department, 
Ardmore and Brinton Roads, Pittsburgh 21, Pennsylvania. 

You can be sure... if it’s 


Westinghouse 
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Science Books from Philosophical Library 


ANALOGUE AND DIGITAL 
COMPUTERS 

by A. C. D. Haley and W. E. Scott. 
This basic survey for electrical engineers 
covers number representation, circuit ele- 
ments, input and output equipment, pro- 


gramming and machines. Illus. $15.00 
MODERN ELECTRONIC 
COMPONENTS 


by G. W. A, Dummer. A comprehensive 
summary of the characteristics of the 
more commonly used electronic compo- 
nents and their behavior under normal 
stress conditions. $15.00 


ELECTRONIC BUSINESS 
MACHINES 

Edited by J. H. Leveson. Experts in 
design, installation and application dis- 
cuss the practical aspects of these ma- 
chines, including descriptions of latest 
equipment, and tapes. $15.00 


ELECTRONIC COMPUTERS: 
Revised Edition 

by T. E. Ivall. Extensively revised, the 
emphasis is on digital and analogue com- 
puters, their circuitry, construction and 
application, with special emphasis on auto- 
mation and control systems. $12.00 


DICTIONARY OF AERONAU- 
TICAL ENGINEERING 


by J. L. Nayler. Defines the latest termi- 
nology in aerodynamics, aero engines, elec- 
trical and electronic 

ters, jets, propellents, rockets and V O.L. 
aircraft. Illus. 00 


AEROSPACE DICTIONARY 


by Frank Gaynor. Introduction by Wern- 
her von Braun. Up-to-the-minute infor- 
mation on the many phases of rocketry 
and astronautics. Includes all abbrevi- 
ations for missiles and various vehicles, 
plus descriptions of U.S. and U.S.S.R. 
missiles. $6.00 


THE UPPER ATMOSPHERE 

by H. S. W. Massey and R. L. F. Boyd. 
An authoritative account of the phenom- 
ena studied during the International Geo- 
physical Year, including aurorae, cosmic 
tays, meteors, ionization, radio absorption, 
spectrographic devices and balloons. 27 
plates; line drawings; index. $17.50 


ATOMIC TERMINOLOGY 


English, German, French, Italian 

Edited by Lore Lettenmeyer. A diction- 
ary of essential terms in. atomic and nu- 
clear physics, and associated fields. $6.00 


CLASSICS IN SCIENCE 

Edited by E. N. da C. Andrade. A co- 
hesive presentation of scientific ideas from 
the writings of Aristotle, Newton, La- 
voisier, Darwin and many others. $6.00 


CLASSICS IN BIOLOGY 

Edited by Sir S. Zuckerman. Concerned 
with the process of evolution, this volume 
presents writings by Huxley, Pasteur, 
Darwin, Mendel, Lister, Fleming and 
others. Biographies, notes, glossary, yr 


DICTIONARY OF MECHANI- 


CAL ENGINEERING 

by Alfred del Vecchio. Prime definitions 
in architecture, automatic controls, engi- 
neering mechanics, electricity, heat treat- 
ment of metals, welding. J/lus. $6.00 


TRANSFORMERS AND GEN- 
ERATORS FOR POWER SYS- 
TEMS: THEIR BEHAVIOR, 
CAPABILITIES AND RATING 
by R. Langlois-Berthelot. A detailed ex- 
amination of the great progress now being 
made in this field in America, France and 
Britain. $12.00 
ENGINEERING 


MATHEMATICS 

by J. Blakey and M. Hutton. Amply 
covers the pure mathematics required for 
a degree in engineering—also providing 
invaluable aid to engineers and advanced 
students. Jilus. $10.00 


MATHEMATICS REFRESHER 


by Kurt Wolter. An indispensable review 
book for all practicing engineers and stu- 


dents. $3.75 
CHEMISTRY OF NUCLEAR 
POWER 


by J. K. Dawson and G. Long. An ac- 
count of the extensive part played by 
chemists in the development of nuclear 
power. $10.00 


NUCLEAR POWER PLANT 


by E. Oppenshaw Taylor. A _ survey of 
the fundamental ideas underlying nuclear 
power generation. $7.5 


NEUTRON DETECTION 


by W. D. Allen. A comprehensive study 
of principles and standards, instruments 
and applications of neutron 
Extensive bibliography. $10.00 


PROPERTIES OF MATTER 

by F. C. Champion and N. Davy. An en- 
larged edition of a standard text; re- 
oriented from a philosophical point of 
view to atomic interpretations. $10.00 


You can expedite shipment by enclosing remittance. 


PHILOSOPHICAL LIBRARY, Publishers 
15 East 40 Street, New York 16, N. Y. 
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NEW AND FORTHCOMING TEXTS) 


from ALLYN-AND BACON COLLEGE DIVISION 


Dec 
Emphasizes the unity of analytical procedures Teach 

FUNDAMENTALS OF | Mfoscts are fashioned from the physical word 
problems are stressed rather than the tradi- 


tional separate solutions of steady rate and Office 
transient; passive and active networks. 1961 


by Norman Balabanian 


UsE O 
: A translation of the highly successful PRECIS 
: d@’ENERGIE NUCLEAIRE, this book is ideally NUCLEAR U 
suited for senior or first-year graduate survey ENGINEERING NDE} 
course. It includes descriptions of French, Wauat 
Russian and British reactors in addition to translated and up-dated 
American reactors, and includes a great deal A OF | 
of current data. 1961 by Gilbert Melese 
SURVE 
A collection of fresh and stimulating problems 
MECHANISMS: requiring the analysis, synthesis and design of 
mechanisms with sample problem solutions in- Mech 
Analysis and Design cluded to introduce the theory. The problems 
were carefully selected to present realistic Cua 
by Hill and Rule mechanisms rather than mere academic exer- 
cises. 1960 On G 


Designed for seniors and graduate students in 
engineering or physics who have had a course VARIA 
in advanced calculus. The presentation is rig- INTRODUCTION TO 


orous and, with a very few exceptions, all COMPLEX AN ALYSIS Cand; 


theorems are proved. Includes problems in 


electrostatics and fluid flow. A large number by Zeev Nehari 
of exercises are included at the end of each ASEE 
section. 1961 


: Teack 
An elementary text that provides students with 


the sound geometrical and physical understand- 


VECTOR AN ALYSIS » ing of basic concepts of vector analysis. All Note: 


theorems are presented with precision and from 


. a rigorous viewpoint. Over 450 problems with TV 

by Harry F. Davis answers are included. Introduces students to Co1 
the physical interpretations of gradient, di- N 

vergence and curl. ‘ 1961 Ul 


for further information, write to: ARTHUR B. CONANT 


ALLYN AND BACON, INC., 150 Tremont St., Boston 11, Mass. 
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Editorial Committee for the Journal 
of Engineering Education 


Paul T. Bryant 


Stanley Backer 
C. E. Bennett 

T. A. Boyle 

A. H. Cooper 

R. O. Darling 

A. W. Davis 

J. T. Elrod 

Amy V. Hall 

E. W. Jacunski 
J. J. Kauzlarich 
Arthur Lesser, Jr. 
G. A. Marston 

T. L. Martin, Jr. 
Jeanne I. Miller 
W. E. Miller 

J. H. Moriarty 

S. P. Olmsted 
W. E. Restemeyer 
J. A. Roberson 


Editor of the Journal and Chairman 


Massachusetts Institute of Technology 
University of Maine 

Duke University 

University of Connecticut 
General Motors Corporation 
Iowa State University 

University of Houston 
University of Washington (Prof. Emeritus) 
University of Florida 

Worcester Polytechnic Institute 
Stevens Institute of Technology 
University of Massachusetts 
University of Arizona 
McGraw-Hill Book Company 
University of Illinois 

Purdue University 

Rensselaer Polytechnic Institute 
University of Cincinnati 
Washington State University 
Rensselaer Polytechnic Institute 
Rensselaer Polytechnic Institute 
University of Massachusetts 
Carnegie Institute of Technology 
University of Kentucky 

West Virginia University 
University of Illinois 


Teaching Position Wanted 


INSTRUCTOR—AUTO BODY DRAFT- 
ing, Machine Design, Descriptive Geom- 
etry, Graphic Illustration; 15 years teach- 
industrial experience; 


ing, 12 years 
resumé upon request. 


D. M. Fullmer, 


8567 Nancy St., Utica, Michigan. 
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Do You Know 


p That this year’s membership drive 
is in the hands of the Sections? A repre- 
sentative will be selected on each campus 
and he will be responsible for contacting 
all non-members. At present, only about 
46% of full-time staff belong to ASEE. 
This should be doubled! Aid your cam- 
pus representative by plugging ASEE to 
those you know are non-members. And 
do not forget those in English and the 
humanities! There will be competition 
and recognition of achievements—be sure 
your school will be recognized. Promo- 
tional literature can be obtained from 
your campus representative or by writ- 
ing to the Secretary of ASEE. 


p> That the Educational Methods Divi- 
sion is undertaking a study in the area 
of faculty utilization to follow through 
the recommendations of the Committee 
on Development of Engineering Facul- 
ties? Chairman of the Educational Meth- 
ods Division, Dr. W. K. LeBold, Purdue 
University, has announced that the Divi- 
sion will hold an invitational research 
conference on faculty utilization later 
this year. The Westinghouse Educa- 
tional Center in Pittsburgh will serve as 
the site for the Conference and is pro- 
viding the financial support. The Com- 
mittee for planning and arrangements is: 
Chairman, E. K. Kraybill; Secretary, E. 
J. Rising; H. A. Foecke, H. W. Case, 
0. E. Lancaster, and C. E. Schaffner. 


> That through the years 1956-1960, 
581 faculty members from colleges of en- 
gineering attended the jointly sponsored 
ASEE-AEC summer institutes on nuclear 
energy? Actually, 493 different people 
are involved because some have attended 
more than one institute. The basic or 
beginning institutes were attended by 
326 individuals and 186 have attended 
advanced institutes. In addition, 69 
have attended the basic or beginning in- 
stitutes for technical institute teachers. 
The number of engineering schools rep- 
resented is 116 and the number of tech- 
nical institutes is 40; there also have been 
representatives from the four service 
academies. Forty-seven states, Puerto 
Rico, and the District of Columbia have 


been represented. Reports on the evalua- 
tion of this program and the equipment 
grant program have been made and will 
be published in the February JouRNAL. 


B® That the importance of science and 
the need for scientists perhaps is being 
over sold? A news release from Harvard 
University states that when the Class of 
1960 entered in the fall of 1956, 47% 
planned study in the natural sciences, 
21% in the social sciences, and 31% in 
the humanities. Four years later, when 
the class graduated. the similar percent- 
ages were, respectively, 25, 47, and 28. 
It also is interesting to note that half of 
the graduating summa cum laude group 
came from the natural sciences. 


B® That a leasing plan for scientific in- 
struments has been announced by RCA? 
Educational institutions, laboratories, and 
other users may rent scientific instru- 
ments such as electron microscope or 
X-ray diffraction equipment. It is ex- 
pected that the plan will be highly sig- 
nificant to educational institutions de- 
pending on funds available on a year to 
year grant basis. There is no down pay- 
ment, and pro-rated credit for part of 
each month’s rental may be applied to- 
ward outright purchase of the equipment. 


Bb That a new index to chart the de- 
mand for scientists and engineers in the 
U. S. has been developed? Deutsch and 
Shea, Inc., technical manpower consult- 
ants, have developed what they call the 
Engineer/Scientist Demand Index. It is 
based on monthly measurements of the 
recruitment advertising directed to engi- 
neers and scientists appearing in a care- 
fully selected group of technical journals 
and leading newspapers in 20 key market 
areas. The actual number of engineers 
and scientists being sought is not shown, 
but a continuing measure of the recruit- 
ing programs being carried out in indus- 
try is indicated. To arrive at the index, 
the total number of recruiting ads pub- 
lished by the participating publications 
during a month is used to indicate the ex- 
tent of recruiting activity and the total 
linage of the ads to indicate the intensity 
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of the activity. The ratio of linage to 
ads is indicative of the size of the ad- 
vertising space used and, hence, of the 
amount companies are spending to reach 
engineers and scientists. 


Bw That the U. S. Office of Education © 


is making a new annual survey to deter- 
mine the number of students enrolled in 
graduate work throughout the country 
in selected subjects and the progress 
made toward their degrees? The data 
for the fall of 1959 indicated that in the 
572 U. S. colleges and universities grant- 
ing advanced degrees the enrollment was 
305,000. Only about 4 were studying 
full-time. The data are gathered for the 
planning and administration of govern- 
ment fellowship, training, research, and 
facilities programs. Employers also will 
be enabled to estimate more accurately 
the number of graduate students avail- 
able for employment and _ post-doctoral 
research. 


®& That the 1960 “Engineering Gradu- 
ate Placement Survey” of the Engineer- 
ing Manpower Commission made a few 
interesting comparisons with other fields? 
The 82% of engineering graduates com- 
mitted to jobs as of May 20, 1960, com- 
pares with 70% in business and com- 
merce, and 73% in liberal arts and sci- 
ence. The overall observation is that the 
demand for engineering graduates con- 
tinues at a high level, essentially the 
same as in the spring of 1959. One dis- 
appointing statistic is that the number 
entering graduate study remained at the 
10% mark. This compares to 6% for 
business and commerce and 22% for arts 
and science graduates. 


B® That engineering schools spent $71 
million for research and development for 
fiscal 1958? NSF states this is for “ear- 
marked” or sponsored research and de- 
velopment. $48.6 million comes from 
the Federal Government, $10.3 million 
from industrial sources, and the direct 
support from their own funds was $10.5 
million, plus an additional $3.5 million 
from indirect costs of outside-sponsored 
grants and contracts. 129 engineering 


schools participated, 20 reporting ex- 
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penditures of over $1 million and 24 less 
than $25,000. Of the $71 million total, 
57% was reported as going for basic re. 
search; the similar 1954 study indicated 
only 45% for the same purpose. Addi- 
tional data are in “Reviews of Data on 
Research and Development, No. 21, 
Funds for Research and Development in 
Engineering Schools, Fiscal Year 1958.” 
Copies can be obtained for 10¢ each from 


the Supt. of Documents, U. S. Govem. | 
ment Printing Office, Washington 25, | 


D.C. 


B® That the National Science Founda- 
tion now has a program of “Institutional 
Grants’? They are designed to strengthen 
the overall scientific research and re- 


search-training efforts of colleges and uni- | 


versities, It is not necessary to specify 
particuldr activities to be undertaken with 
the funds, for they are intended to com- 


plement. Foundation support of science 


and science education now provided 
through research grants for specific proj- 
ects and through fellowships. The 


amounts of grants are limited to 5% of | 


Foundation research grant payments 


made to the institution during the previ- | 


ous year, but in no case exceed $50,000 
for any one fiscal year. Inquiries should 
be directed to Dr. Louis Levin, Director 
of the new Office of Institutional Pro- 
grams. 


41 North Atlantic Treaty Organization 
(NATO) Postdoctoral Fellowships in Sci- 
ence awarded by the Department of State 
and administered by the National Science 


Foundation? There were 162 applicants | 


from which the 41 awardees were se- 


lected. The institutions selected by the © 


engineers are the University of Cam- 
bridge (England) and the University of 
Grenoble (France). 


bw That of the first 27 Senior Visiting | 
Fellowships in Science of the Organiza- | 


tion for European Economic Cooperation, 
four were in engineering? All four are 
going to England—Kings College of the 
University of Durham, Imperial College 
of Science and Technology of the Uni- 
versity of London (and then to Portugal 
and Italy), University of Oxford, and the 
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Dec., 1960 DO YOU KNOW 
Road Research Laboratory of the Depart- 
ment of Scientific and Industrial Research. 


p That 10 of the 32 grants for the 
development of new laboratory apparatus 
totaling $284,450 are in engineering? 
Since the grantees for science teaching 
are expected to supply teachers with full 
information about the apparatus devel- 
oped in journals and at professional meet- 
ings, it seems appropriate to briefly list 
the ten engineering projects and the 
names and institutions of the grantees. 

1. Aids and models for demonstrating 
atomic and molecular relationships in the 
study of engineering materials. Sacra- 
mento State College, G. N. Beaumariage, 
r. 
’ 9. Vortex-tank tunnel, visual pipe net- 
work, dynamic model, and portable vibra- 
tions simulator for demonstrations and 
experiments on fluid and structural me- 
chanics. George Washington University, 
R. R. Fox. 

3. Equipment and manual for labora- 
tory instruction in automatic process con- 
trol. Illinois Institute of Technology, B. 
S. Swanson. 

4, Still and motion pictures of com- 
pressible flow in supersonic wind tunnel. 
University of Notre Dame, V. P. God- 
dard. 

5. Portable electronic analog-simu- 
lator-computer-demonstrator for introduc- 


| ing analog techniques in teaching. Poly- 
mong the 


technic Institute of Brooklyn, P. N. 
DeCicco. 

6. Transparent, flexible models for ob- 
servation of internal deformation patterns 
in mechanics. University of Dayton, R. 
J. Stith. 

7. Waiting-line electric-electronic 
model illustrating range of patterns of 
flow of units. Oklahoma State Univer- 
sity, S. T. Poage. 

8. Small laboratory and demonstration 
hypersonic wind tunnel. Pennsylvania 
State University, J. A. Fox. 

9. Small-scale tape-control unit for in- 
struction on automatic and semi-auto- 
matic machines. Southern Methodist 
University, F. W. Tippitt. 

10. Laboratory instrument for student 
operation illustrating current-vs-voltage 
characteristics of electronic devices, rec- 
tifying circuits, and meter response to 
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periodic wave forms of voltage. Univer- 
sity of Virginia, C. M. Siegel. 


B® That 32 programs in engineering at 
25 different schools were included in the 
second group of Undergraduate Research 
Awards of NSF? These grants for the 
1960 academic year brings the total for 
research participation and undergraduate 
research training programs to about two 
and a quarter million dollars. 


B® That the American Congress on Sur- 
veying and Mapping has established its 
consolidated central headquarters in Room 
430 of the Woodward Building, 733 15th 
Street, or 1426 H Street, N.W., Wash- 
ington 5, D. C. 


B® That the Atomic Energy Commis- 
sion has a new atomic energy exhibit de- 
signed to acquaint the general public 
with the latest developments in the 
peaceful uses of atomic energy? It is 
entitled “Atoms in Action” and consists 
of a series of 18 colorful panels, each ap- 
proximately 30 by 40 inches. It is sim- 
ple to set up and requires no attendant. 
If you want something new for your 
“open house,” or whatever you call it, 
the display can be obtained at no cost 
from the Museum Division of the Oak 
Ridge Institute of Nuclear Studies, Oak 
Ridge, Tennessee. 


B® That 11,279 of the total of 48,486 
foreign students in American college class 
rooms are studying engineering? These 
figures are obtained from “Open Doors, 
1960,” an annual survey of the Institute 
of International Education. The per cent 
increase in the number of foreign students 
was 2.6% above last year, the smallest 
increase in the last six years. The per- 
centage of American students going 
abroad to study increased 34%! More 
than half of the foreign students are un- 
dergraduates. Only about 38% of the 
total are self-supporting; about 28% 
were aided by scholarships offered by 
private organizations, about 6% were 
supported by the U. S. government 
grants, and about 5% were supported by 
foreign government grants. 


W. LeIcHTON COLLINS 
Secretary, ASEE 
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OFFICERS NOMINATED FOR 1961-62 


The Nominating Committee met in Washington, D. C., on Wednes- 
day, November 16 and selected the following candidates: 


For President, one year............cese0: Robert W. Van Houten 


President, Newark College of Engineering; Member of 
Council, 1953-57; Vice President 1957-59; Chairman, 
Evening Education Division, 1952-53; Member of ASEE 
since 1933. 


For Vice President, Sections East of the Mississippi, 


Dean, School of Engineering, University of Massachusetts; 
Member of Council, 1953-55; Chairman, New England 
Section 1958-59; Member of ASEE since 1938. 


For Vice President, Sections West of the Mississippi, 


Dean, Missouri School of Mines and Metallurgy; Member 
of Council, 1952-54; 1958— ; Chairman, Missouri- 
Arkansas Section, 1948-49; Member, Executive Commit- 
tee of ECAC, 1954-56; Member of ASEE since 1941. 


For Treagurer, ONG Wendel W. Burton 


Employment Manager, Minnesota Mining and Manufactur- 
ing Co.; Treasurer, 1959-61; Chairman, Ethics Commit- 
tee, 1957-59; Chairman, Relations With Industry Division, 
1955-56; Member of ASEE since 1947. 


ADDITIONAL NOMINATIONS 


In accordance with the revisions of the constitution and by-laws 
adopted in June of 1957, additional nominations may be made by 
petition of fifty (50) signatures of members of the Society in good 
standing. The nominee must indicate a willingess to serve, if elected, 
before his name can be placed on the ballot. Petitions are to be sub- 
mitted to the Secretary of the Society by January 15, 1961. 


In the February 15 issue of the JouRNAL oF ENGINEERING EDUCATION 
ballots giving the names. of all candidates will be provided. Ballots 
received by the Secretary by March 31 shall determine the election of 
the officers as of April 1. Their terms of office shall begin ten days after 
the date of the annual meeting. 
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DONALD L. KATZ 


Professor of Chemical Engineering and 
Director, The Ford Foundation Project 
on Use of Computers in Engineering 
Education, University of Michigan 

Ann Arbor 


ELLIOTT I. ORGANICK 


_ Assistant Director, The Ford Foundation 
_ Project on Use of Computers in 
Engineering Education 


Abstract 


Concepts and progress made in introduc- 
ing computers “from the bottom up” in class- 
room instruction are reported. This ap- 
proach and the objective of integrating the 
use of computers in all phases of engineer- 
ing problem courses is being developed at 
the University of Michigan College of Engi- 
neering in a project sponsored by the Ford 
Foundation as a means of upgrading engi- 
neering education. 

The full process under development in- 
volves: 1) establishing effective means for 
developing the faculty with a minimum de- 
lay; 2) introducing all students to the philos- 
ophy and techniques of computing at the 
start of their engineering training; and 3) 
demonstrating accomplishments in the form 
of documented case studies of classroom 
problems wherein students use computers. 
Long range success of this development de- 
pends upon introduction of computer-ori- 
ented subject material in the mathematics 
portion of the curriculum and upon achiev- 
ing an appropriate level of University sup- 
port for computer equipment to be used in 
instruction. 

A program of visiting professorships, spe- 
cial summer assignments and short work- 
shops at the University of Michigan for fac- 
ulty of cooperating schools is now under 
way. It is expected that the visitors will 
contribute to the project and, upon returning 


Presented at the 68th Annual Meet- 
ing, American Society for Engineering 
Education, Purdue University, June 
20-24, 1960. 


Use of Computers in Engineering 
Undergraduate Teaching 


to their respective schools, provide leader- 
ship in similar developments around the 
nation. 


In the Future 


The widespread use of both digital and 
analog computers in industry and re- 
search makes it clear that the calculation 
effort of engineering in the future will 
be done by machines. Industry has 
shown leadership in many cases today in 
the development of engineering calcula- 
tions by electronic computers. We often 
hear of the shortage of engineers for 
the future. It is clear that this shortage 
will be ameliorated by the large amount 
of work which will done by machines 
instead of by people. 

Originally computing machines were 
regarded and utilized merely as glorified 
slide rules. Experience with computers 
has allowed us to assign far broader scope 
to their capability. Computers stimulate 
development of new methods for solving 
problems. The logic and structure of 
problems come into clearer focus when 
one looks at them from the standpoint of 
the computer. This will, in itself, revolu- 
tionize much of the work done in engi- 
neering. From their industry contacts 
and from their own experiences in aca- 
demic research, educators have many ex- 
periences which spell out the vital role 
computers play in these areas. 

Recently, a visiting engineer from in- 
dustry was asked, “Can you conceive of 
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a young engineering graduate leaving a 
university, entering industry and not hav- 
ing within the first two years a problem 
go over his desk about which he would 
say, ‘This is a problem for the com- 
puter.” The man from industry said, 


“Why don’t you say, ‘in the first two- 


months?’ ” 

Three years ago a graduate student 
had completed his doctorate research on 
heat transfer through finned tubes in 
which he had taken experimental data 
with a large number of variables such as 
tube spacing, fin height, fin thickness, fin 
spacing, air velocity, temperature differ- 
ences, etc. In trying to find a dimension- 
less equation to correlate the data he 
spent some two months with hand cal- 
culations and came up with what he 
thought was a reasonable correlation. 
Just as his thesis was going to be typed, 
another student who knew how to pro- 
gram with the regression analysis tech- 
niques asked him if he had tried this 
procedure with his data and he said, 
“No.” In a twelve-hour period they pro- 
grammed and processed the data through 
the IBM 650 and ended up with a new 
correlation involving different dimension- 
less groups that had not previously been 
thought necessary to consider. The new 
correlation is superior to that which the 
student had evolved over a two-month’s 
study. Such experiences convince edu- 
cators that every person working in re- 
search should have enough knowledge of 
computers and applications to be able to 
seek out and follow these procedures. 

The handwriting on the wall reads 
plainly: All graduating engineers of the 
future must have a knowledge of com- 
puters just as they have a knowledge of 
mathematics. Engineering calculations 
of the future will be done by machines. 


Place of Computers in Education 


This general view of the coming of the 
use of computers in engineering has been 
in the minds of engineering faculties for 
some time. A group of faculty members 
on each campus has employed a com- 
puter to solve specific research problems, 
often with the assistance of graduate stu- 
dents. Most educators are in agreement 
that computers belong somewhere in the 
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engineering curriculum. Computers, al. 
though already used widely in the eo. 
leges, have not become an everyday 
classroom experience. 

The question is, “How to develop the 
educational program so that graduates 
have the appropriate experiences?” There | 
are three approaches which have bee 
or are now being tried: (1) integration 
with engineering instruction, (2) senior 
elective computer courses taught by spe. 
cialists, and (3) selfteaching, such as on 
research projects, or learning to use it 


“when the shoe fits.” 

Methods 2 and 3 have been in use ; 
for some time. Most schools offer credit | 
or non-credit programming courses in 
which seniors and graduate students may 
learn to use the computer for solving — 
problems. Because of their specific re 
quirements, students doing research find 
great benefits from the use of the con- 
puter and therefore learn enough to use 
the computer, if necessary, without for- 
mal instruction. 

The result of either plan is that occa- 
sionally students turn in computer solu- 
tions when the professor expected only 
hand operated solutions. The professor 
who looks at these solutions is impressed, 
but can’t really evaluate them because he 
doesn’t understand them. These experi- 
ences help the professor realize that if 
he is going to provide any leadership for 
this student he must himself learn how 
to use the computer to solve the problem. 
This sort of pressure is evident to many 
people. It is also clear that method 1, 
the integration of computers with engi- 
neering instruction, would offer a more 
direct approach. Why not build com- 
puter theory and practice from the bot- 


tom up rather than wait for it to filter 
down? 

This proposition was the heart of a 
proposal submitted to the Ford Founda- 
tion by the University of Michigan for — 
which support was provided last October | 
(1959). This paper is essentially a status | 
report of the concepts and progress made 
in introducing computers “from the bot- 
tom up” in classroom instruction. Pri- | 
mary emphasis in this paper is given to 
digital computers. 

What is needed to implement the in- | 
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tegrated approach? It appears that en- 
gineering colleges need a jump input or 
step function to get on the road. Meth- 
ods of teaching all engineering students 
are not available, nor are the faculty gen- 
erally knowledgeable in the use of com- 
puters to the extent that they can teach 
the students. Therefore, a special input 
is required in engineering education to 
develop the situation. The purpose of 
the Ford Foundation Project is to de- 
termine methods by which the upgrad- 
ing of engineering instruction might be 
accomplished by integrating the use of 
computers in all phases of engineering 
problem courses. The study is also 
needed to learn how this jump may be 
accomplished. 

The training of the faculty is a major 
hurdle to be accomplished. A large 
number of faculty members are willing 
to go to lectures on the use of computers 
but somehow do not go over the hump 
of learning to do the job themselves. 
Many engineering faculty members be- 
lieve they are already so busy that time 
is not available for them to take on new 
assignments of any magnitude. Others 
are satisfied with the indirect contact 
they now have with computers in their 
research. They hire graduate students 
whose knowledge of computers has per- 
mitted them to solve research problems. 
It may not occur to them that they could 
have done a better job if they had the 
same knowledge of computers as their 
student assistants. As a result of the lat- 
ter situation, the impression often is given 
that engineering colleges are already mak- 
ing full use of computers in engineering 
education. Upon inquiry it is found that 
what is meant is that professors are di- 
recting research in which digital and 
analog computers are being used. In 
some cases the professors actually have 
computer know-how, but in the majority 
of the cases the knowledge comes pri- 
marily from the graduate students. 

There is a vast difference between 
directing research employing computers 
and using the computers in classroom in- 
struction. Today, some of the professors 
who are using computers in classroom in- 
struction do so by bringing in outside 
“experts” to teach the students and they 
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themselves are not really doing this por- 
tion of their instruction. It is believed 
that for the step function to have been 
accomplished, the engineering faculty 
who teach courses involving problems of 
significance must have a working knowl]- 
edge of programming and must have first 
hand experience in solving problems on 
the computer. Faculty would then be 
able themselves to solve the problems 
which they assign their students and 
would be able to discuss variations in the 
problem solutions with students, and 
evaluate how well the students are doing 
in the work. Only then will educators 
know they are making the most of com- 
puters in engineering education. 

Introducing students to computers 
properly is an important part of the 
study. Work is going on in several 
schools to find out where and how the 
students should be introduced to com- 
puters. Present thinking is that the stu- 
dents might well be informed as early as 
the freshman or sophomore year. The 
only advantage in waiting until the sopho- 
more year is that their knowledge of 
mathematics is at a little higher level 
and the examples which can be used in 
the computer courses do not have to be 
quite so simple mathematically. There 
should be no gap between the introduc- 
tory course and the use of the computer 
to solve simple engineering problems. 

Demonstration of the beneficial use of 
computers is one way to assist in ac- 
celerating the process of integrating com- 
puters into engineering instruction. It 
is believed that example problems in all 
areas of engineering calculations would 
remove doubt in the minds of the faculty 
as to the value for students to employ 
computers in solving problems. 

The full process under consideration 
thus includes the education of the faculty, 
methods of training the students, and 
demonstrated accomplishments through 
student use of computers. 


Effort Required to Develop Faculty 


The development of the faculty is a 
complex problem involving their attitude, 
competition for their time by other worth- 
while things, and a reliable estimate of 
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the time and effort required for a given 
individual to go over the hump. When 
a man has learned to program one or two 
problems, and then by himself has se- 
lected an engineering problem, pro- 
grammed it, run it on the computer, and 


analyzed the results he is “over the - 


hump,” because he can progress to prob- 
lems of increasing complexity with as- 
surance. 

Only a small group of faculty may be 
said to approach the subject of computers 
with a desirable attitude. Some, to be 
sure, are already in the computing field 
and are eager to apply computers to their 
instructional work. Others who have 
had an incomplete knowledge of the use 
of computers tend to regard direct con- 
tact with computers as a chore for tech- 
nicians and consciously or unconsciously 
feel that it is beneath them to “get their 
hands dirty” programming. Therefore, 
they do not propose to actually use the 
computer in instruction. There are others 
who are so busy that they say they 
couldn’t possibly have time to learn some 
new discipline such as this. 

Recently, a full professor said that he 
had enough problems to occupy his at- 
tention, that he would be too busy for 
the next five years, and that he couldn’t 
possibly “get around to computers until 
then.” The reply was made to him that 
probably within the next two years some 
graduate student would come into his 
advanced course and say, “Professor, . . . 
I think the way you’re working this prob- 
lem can be improved upon. . . . I have 
solved it on the computer. . . . Here are 
my results.” The professor’s reaction 
then could only be, “Gee, I just can’t 
wait any longer. I must learn to pro- 
gram. ... Why didn’t I start when I had 
the invitation?” 

One of the needs is for the faculty to 
get a realistic view of the effort required 
for them to master the situation. Some 
men appear to be standing off from the 
use of computers because they do not un- 
derstand the amount and kind of effort 
that must be put in. In many cases the 
amount of effort is not such as to inter- 
fere seriously with other activities. To 


this end, some experiences we have had 
might be beneficial. 
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In the spring semester of 1958-59, 
the Department of Chemical and Metal. 
lurgical Engineering decided that each 
professor teaching a problem course 
would invite his students to attend a 
voluntary lecture and that the professors 
themselves would attend the lecture. In 


addition, the professors would each find | 


one problem in the course which would 
be appropriate for solution on the com. 
puter and they would present this prob. 
lem to the students and carry through a 
computer solution. An associate profes- 
sor in our metallurgical group was one 
of the people who participated in this 
program both in a class in thermodynam. 
ics and in a course in metallurgical proc. 
essing. As a normal part of his teaching 
effort he developed a problem in each 
of his two courses and carried the solu- 
tion through on the IBM 650 computer. 

During the summer of 1959 he was 
employed by a large research organiza- 
tion on the West Coast. By the end of 
the first or second week of his employ- 
ment, reflecting upon a problem that he 
and his associates were trying to solve, 
he said to his associates, “This is a prob- 
lem that should be solved on the com- 
puter!” His associates said, “Well, show 
us how?” and he said, “Do it this way!” 
and he sat down and programmed the 
problem. It turned out that the IBM 
650 computer which this company had 
was of a different configuration than the 
one at the University of Michigan, and 
he had to study the differences in the 
two machines in order to work the prob- 
lem. However, within a short period of 
time, and with the help of the Comput- 
ing Center, he solved the particular prob- 
lem in question. Thereafter, many prob- 
lems were brought to his attention by his 
associates and he spent some 40% of his 
total effort during the summer as a “con- 
sultant” on the use of computers to the 
particular group with which he was 
working. 

Thus, we may infer that a young man, 
knowledgeable in the field of mathemat- 
ics, but with no prior working experience 
with a computer, can, with a reasonable 
effort, learn enough both to teach the 
subject and to make beneficial use of it 
in engineering calculations. 
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Experience in Training Faculty 
to Program 

There are two aspects to putting fac- 
ulty members “over the hump.” The 
frst is the information which is made 
available in the form of lectures or notes. 
The second is the individual effort put 
forth by the faculty members. 

Most schools have courses on computer 
programming for upper classmen or grad- 
uate students, often audited by faculty 
members. It is customary for computing 
center personnel to give a series of lec- 
tures, for faculty and students in con- 
densed form—usually ranging from 6 to 
15 hours. Reference manuals for the 
computer are always available to aug- 
ment lecture material or permit self 
teaching. It is believed that a large 
fraction of the engineering faculty mem- 
bers have voluntarily attended lectures 
of this type. However, this activity alone 
does not put the typical professor “over 
the hump.” It takes an additional in- 
dividual effort in programming. 

The critical part of the learning process 
is the actual programming experience 
done by the individual himself. It is 
imperative that the professor have the ex- 
perience of taking a problem, however 
simple, and seeing it through to a solu- 
tion by the machine. The language by 
which he communicates with the com- 
puter, learned in lectures, must now be 
employed. Only in using the language 
has he demonstrated his understanding 
of it and gained the confidence that he 
can now teach the procedure to others. 

The question might be raised as to 
why a larger fraction of the faculty have 
not proceeded to obtain programming 
experience. Admittedly, the time re- 
quired is a factor. However, the real 
deterrent is likely to be the uncertainty 
that a reasonable effort on his part will 
give him an ability to solve problems of 
significance. 

One answer to this problem is to have 
a situation in which it is necessary for 
the professor to meet a time schedule 
and at the same time provide him with 
someone to answer authentically any 
questions which may arise. The individ- 
ual’s background is important at this 
point, 
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Experience indicates that younger men 
with a reasonable facility with mathe- 
matics can learn to program with an in- 
dividual effort of 15-20 hours. It fol- 
lows that a one-week short course com- 
pletely devoted to lectures and individual 
work is enough for such persons to be 
on the road, provided continuing ex- 
periences occur following the intensive 
study. 

Experienced teachers, somewhat re- 
moved from their student days, may pre- 
fer a step by step approach to the prob- 
lem, such as is afforded during a summer 
period or semester. They are more satis- 
fied to explore the material and to find 
their own methods for solving the prob- 
lem. This extra time permits study of 
the application of the computer in the 
individual’s teaching area. 

The Ford Foundation Project provides 
for both mechanisms mentioned—a week’s 
intensive course and a summer's or semes- 
ter’s study. A mechanism for faculty to 
learn programming is to have them assist 
in teaching the introductory computer 
courses to undergraduate students. Dur- 
ing the past semester, three engineering 
professors with no prior experience with 
computers handled recitation sections in 
a one-hour course (Math 73) for which 
lectures were given by a computing cen- 
ter mathematician. By providing auxil- 
iary assistance to these teachers, and con- 
scientious effort on their part, they were 
able to go “over the hump.” 


Effort Required to Educate the Student 


To start students on the road to com- 
puters it is believed that a special input 
should be made, such as a course in 
either the freshman or sophomore year, 
which is directed toward the understand- 
ing of digital computers and toward a 
beginning experience in programming. 
At the University of Michigan it was 
decided that the first semester of the 
sophomore year would seem to be a good 
place because the students would have 
had enough mathematics to handle prob- 
lems involving calculus. The extent and 
content of the introductory course needs 
to be considered. 


| 
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Philosophy Versus How to Do It 


In a recent conference! we discussed 
the introduction of computers to students 
and a strong plea was made for giving 
computer appreciation material to the 
students. In this way they would de- 


velop the logic and the understanding of © 


the structure of problems as a general 
philosophy of engineering early in the 
curriculum. It was believed that this in- 
troduction should spend a good deal of 
effort on philosophy before they got to 
the “how to do it” phase. The question 
is whether they should have philosophy 
first and later the “how to do it” or 
whether they should learn the philos- 
ophy as they proceed with the actual 
solving of problems. Naturally, there is 
pressure against putting a large block of 
time into the use of computers because 
undergraduate programs are already over- 
crowded, and it is necessary to take out 
such time either from other required 
courses or from electives. A factor in 
deciding the minimum time allotment is 
the advances made in languages for com- 
municating with computers. 


Languages and Programming 


Digital computers are machines which 
must be given detailed instructions for 
performing very simple arithmetic and 
logical steps. Instructions of this type, 
known as machine language instructions, 
may be required by the hundreds even 
for relatively simple problems. Com- 
puter experts have recognized that the 
solution to any problem can be expressed 
as a procedure or algorithm each step of 
which involves certain fundamental op- 
erations which are already familiar to us. 
These operations are not necessarily the 
same as the simple steps made by the 
machine. However, each fundamental 
operation can be equated to a group of 
machine instructions or building blocks. 
Consequently, the computer expert has 
been able to mechanize the process by 
which a problem procedure, utilizing 
these fundamental operations, can be 


1 Conference Report on the Use of Com- 
puters in Engineering Classroom Instruction, 
sponsored by The Ford Foundation Com- 
puter Project at The University of Michigan, 
April 29 and 30, 1960. 
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converted into a set of instructions for | 


the machine. This new means of com. 
municating with the machine is called q 
problem-oriented language and the mech. 
anization is often called translation. 

The programmer thus may learn with 
relative ease a language for communicat- 
ing his procedure to the machine without 
becoming familiar with the machine lan. 
guage. 

Startling progress has been made in 
development of programming languages 
such as Fortran developed in 1956 and 
MAD developed in 1960. For scientific 
and engineering calculations a universal 
programming language is now available 


called ALGOL. A person may learn to | 


utilize computers more effectively and 
with less effort when using these lan- 


guages as compared to machine language, _ 


For any computer, a spectrum of 
languages is available varying from ma- 


chine language to the most advanced © 


problem-oriented programming language 
such as MAD. It is believed that the 
most advanced (most general) program- 
ming language available should be taught 
to the students. This experience places 
emphasis on the structure of the prob- 
lems in contradistinction to coding tech- 
niques. 


Time Allotment 


It is possible, when students are ex- 
posed at an advanced level, to get the 
students on the road by giving a series 
of four, six or eight hours of lectures plus 
the solving of problems in their regular 
classes. However, experience today would 
indicate that a regular course lasting over 
a 15-week period is necessary when start- 
ing at the sophomore level. Such a 
course should be followed by engineering 
courses in the next semester in which 
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ea 


ce oO 


the computer is used to solve problems. | 


Currently, our sophomore course 
(Math 73), a one-credit-hour course con- 
sisting of one lecture and one recitation 
period per week, is being adopted by 
several curricula (Table I). The lec- 
tures for this course are being given by the 
computing center mathematician with a 


balance between philosophy and “how | 


to do it.” 
tions are taken in a good part by engi- 


The multiple recitation sec- | 
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TABLE I 


OUTLINE FOR A ONE-CREDIT-HouR SOPHOMORE COURSE 
IN COMPUTER PROGRAMMING 


(Math 73) 
Instructor: Bruce Arden 


INTRODUCTION TO COMPUTING TECHNIQUES 


1. Discussion of mathematical notation 


5 


a: 
b. 


d. 


Single variables 

Linear and higher dimensional arrays 
Compact summation and product notation 
Polynomials 


. Analysis of the manual procedure in handling the example problem z = x,? + y:’, i= 1,2, 


a. 


b. 


d. 


, 100 


Instructions 
(1) Arithmetic—scientific versus fixed decimal notation 
(2) Logical—decision steps 
Storage 
Control or execution of instructions 
Input-output—introduction of information into and out of the computing procedure 


. The automatic implementation of the necessary computing elements with specific reference 
to the IBM 704 


mo oP 


Schematic diagram of a digital computer 
Word structure 


. Storage 
. Input-output 


Control 


. Arithmetic—discussion of number system with emphasis on binary and _ octal 


representations 


. Coding the example problem in machine instructions 


. Comparison of machine coding to algebraic statement of problem 


6. Introduction of algebraic language—MAD 


a. 


b. 


The example problem is written for machine without formal explanation of language 
A subset of the MAD language is formally described—statement by statement—with 
examples 


. Numerical methods 


a. 


Solution of equations by Newton-Raphson method. A geometric interpretation is 
used with emphasis on the possibility of non-converging iterations. A complete 
example including flow charts and MAD statements is presented. The solution of 
a transcendental equation by the Newton-Raphson is assigned as a problem to be 
solved on the computer at this time. 


. General interpolation. The Lagrangian form of interpolation polynomial is developed 


by considering the familiar “table look-up” procedure and then proceeding analogously 
for three points, four points, etc. The evaluation of the formula illustrates the use 
of compact array notation and iterative statements and an interpolation problem, 
using the Lagrangian form, is assigned for solution on the computer at this point. 


. Solution of simultaneous linear equations. In preparation for the topic of approxima- 


tion, the solution of simultaneous linear equations by the Gauss-Jordan method is 
introduced by first going through the step-by-step reduction of a system of three 
equations and then repeating the procedure symbolically to develop the general 
formula. A complete example including flow charts and MAD statements of the 
Gauss-Seidel solution of a system of linear equations is presented. 


. Polynomial approximation. Least squares criterion is introduced by means of 


graphical examples. Considering a second degree polynomial, the normal equations 
are derived. The extension to higher degree is indicated. Emphasis is placed upon 
the systematic iterative computation of the coefficient matrix. Using the same set 
of points that were used in the interpolation problem, a problem is assigned to 


| 
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. Numerical integration. The second and third degree Lagrangian interpolating poly. 


. Error estimates. 


. Divided differences. The divided difference interpolating polynomial is developed 
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TaBLE I—Continued 


construct and evaluate at several points an approximating polynomial by the least 
squares procedure. 


nomials are integrated to obtain trapezoidal and Simpson’s rule. Numerical examples 
are used to illustrate the error in this type of approximation. 

The expression of- an arbitrary function as a polynomial and an 
error term is introduced by developing Taylor's expansion for a polynomial by suc. | 
cessive differentiation. An expression for the error term is found and evaluated in 
some numerical examples. 


in an analogous fashion to Taylor's expansion. An error estimate is developed by 
analogy. A numerical example is considered. A complete example including flow 
charts, MAD statements, data, and results of a general divided difference interpola 


tion, with error estimate, is presented. 


neering professors. In fact, this concept 
of lectures by computer center personnel 
with recitation work sessions under engi- 
neering faculty appears to be a happy 
solution to the educational problem. 

A three-hour course in computation 
(Math 173) at the senior or graduate 
level is continuing for those wishing to 
have a more thorough treatment of the 
subject or to become computer special- 
ists. Likewise, intensive lectures on pro- 
gramming were given for advanced stu- 
dents who were too far along at the time 
the project began. Over 750 students 
and faculty were exposed to computer 
programs in the spring of 1960 in this 
way. However, in the “bottom up” ap- 
proach, the one-credit-hour input is be- 
ing tried along with continuing work in 
subsequent engineering courses. 


Engineering Classroom Use 


It is believed that if students are in- 
troduced to computers with a course in 
which both the philosophy and the “how 
to do it” are given them, they then 
should, in regular engineering courses, 
start solving problems with increasing 
complexity. In his entire undergraduate 
program each student should have per- 
sonally solved no less than 8 to 16 prob- 
lems on the computer besides becoming 
acquainted with the computer solutions 
of many other problems. Upon reaching 
their senior year, students should be 
handling problems that would not be 
considered feasible without the use of 
computers. 

In the first engineering course which 
incorporates a computer problem, it may 


be difficult to find satisfactory examples, 
The time required to solve the problem 


on the computer may well exceed that © 
It will be normal for © 
students to require additional help on the © 
programming. The net result will be | 


for hand solutions. 


some sacrifice in ordinary material given 
in this course. Likewise, in subsequent 
courses, the same condition will apply to 
a lesser degree. In the junior year the 
computer assignments ought to empha- 
size the engineering aspects of problems 
which require such mathematical attain- 
ment as the handling of linear systems of 
algebraic or differential equations and 
other finite difference methods. The 
senior assignments should involve design 
of equipment or structures, simulation of 
processes and optimization of systems. 
With a four-semester sequence of solving 
problems on the computer behind them, 
the imagination and knowledge of the 
instructor, mathematical attainment and 
computer capability are the only limits 
foreseen on the problems the students 
can solve. 

A considerable adjustment will be re- 


quired in many areas of instruction. © 
Often the professor finds that his mate- 


rial is not really ready to be considered 
for exploitation by computers. His the- 
ory has not had the generality which will 
permit the computer to be used to its 
maximum advantage. Often assumptions 
have been made in the previous methods 
which no longer need to be made and, 
therefore, the theory has to be reorgan- 
ized. Likewise, the data used in the 
problem may not be either complete 
enough or in form which the computer 
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' can readily pick up and use. Experience 


has shown that much of the work re- 
quired in adapting the computer in in- 
struction is the assembling of the data in 
digital form. It will be a long time be- 
fore the source material for teaching ob- 
tained from books, articles, etc. will con- 
tain the theory and data in form suitable 
for convenient use with computers. 


Example Problems Needed in the 
Short Term 

It is clear that there is a need for de- 
veloping simple documented engineering 
problems adaptable to solution by stu- 
dents on the computer. Our faculty are 
being encouraged to conduct case studies 
in their courses with computer problems. 
The Appendix gives the results on one 
such study by Professor D. F. Rudd in 
arate processes course for juniors. 

To assist the faculty, an outline for 
conducting a case study was prepared. 
Rudd’s report follows an outline devel- 
oped expressly to assist the faculty in the 
conduct of these studies. It is expected 
that at least 10 such examples will be 
completed this summer and incorporated 
in the annual report on our project. 
These problems are believed to be of 
temporary value in that the typical 
teacher in due time will develop his own 
problems with computers once he has 
acquired some computer experience. 

A variation of the above procedure to 
handle example problems is that of bring- 
ing in an expert in programming to solve 
a class problem the professor would like 
to assign his students. The professor can 
lean the effort required to solve the 
problem and have a computer solution 
available to show his students. In the 
next semester, the professor may assign 
this problem, or a modification thereof, 
to his students for them to solve on the 
computer. Such a procedure will be 
helpful in accelerating the process of 
integrating computers in instruction. 

Professor E. H. Young assigns a heat 
exchanger design problem to his senior 
class and has believed it could be solved 
advantageously on the computer. How- 
ever, he did not have the time or pro- 
gramming experience to try solving it 
and, therefore, was reluctant to assign a 
computer solution. 
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Mr. Brice Carnahan, a fourth year 
graduate student in chemical engineering 
and teaching fellow in the Computing 
Center, was assigned the task of solving 
the problem on the IBM 704 computer. 
He made a time study of his effort to 
produce an economic design for the air 
cooled fin tube heat exchanger (Table 
II). It was learned that the actual pro- 
gramming time was minor. The decision 
to set up and perfect the computer solu- 
tion in printed report form doubled the 
overall time requirement. The time 
spent by Mr. Carnahan indicated that 
students would have required more time 
to solve the problem with the computer 
than now allowed for a partial solution 
by the students using slide rules. How- 
ever, if the aim of the problem were 
modified to be that of illustrating the use 


TABLE II 


Tre Stupy on Am CooLep HEAT 
EXCHANGER DESIGN FOR SENIOR 
DesIcN Course 


Hours Spent by 
Mr. Carnahan 


1. Problem definition: 
Listening to the instructor, 
reading articles furnished, 
selecting names, modes and 
units for the variables. 
Establishing relationships for 
physical properties of air, 
costs, etc. 

2. Programming in the MAD 
Language: 

Outlining the program, block 
diagraming and writing pro- 
gram statements. 

3. Clerical (Punching cards, 
etc.). :50 

4. Testing program: 
Correcting errors after first 
and second pass through the 
computer. 

5. Preparing report to instructor 
on what was done. 

6. Optional additional effort for 
producing elegant report-like 
output directly from the 
computer. Required large 
number of carefully written 
output statements and for- 
mat declarations. 

Total IBM 704 Computer 
Time Used Testing Pro- 
gram 

Execution of assigned 
problem 


6:35 


1:45 


2:00 
7:00 


14:15 


16 minutes 


2 minutes 


‘ 
4 
j 


of a computer in engineering design, the 
additional time allotment could be justi- 
fied. 


Adjustments in Mathematics 
Requirements 


It is known that when the use of com-. 


puters has been integrated into engineer- 
ing instruction there will be pressure to 
adjust the mathematics required. One 
extreme statement which has been made 
is that much of the calculus now taught 
will have very little use in engineering 
calculations of the future. In any event, 
a radical revision of the mathematics 
given undergraduates will be needed. 
A case in point is that in the field of 
statistics. It has been a hard long road 
in trying to get statistics to be given in 
the regular mathematics sequence. Many 
people are not satisfied with what has 
been done to date. In the extreme, it 
might be said that statistics is such a 
special branch of mathematics that the 
average mathematics teacher is unwill- 
ing to teach it in the regular courses and 
therefore it must be relegated to special 
courses. In a sense, such topics as finite 
difference calculus, matrix algebra and 
numerical analysis needed in digital com- 
putations could be said to be in the same 
category. However, it appears that pres- 
sure will be required before these sub- 
jects will become part of the normal 
mathematics material given to undergrad- 
uates. The question to be answered is, 
will the average mathematics teacher be 
willing to include this material or will 
there have to be special supplemental 
courses in mathematics to equip the stu- 
dents for digital computation. 

It would seem that the engineering 
faculty should get their own house in or- 
der and be on the road to the use of 
computers in instruction before sugges- 
tions for changes are made to mathemat- 
ics departments. It is expected that the 
changes in the mathematics curriculum 
will evolve as needed. 


Equipment 

There have been many discussions as 
to the kind of equipment which engineer- 
ing colleges should have. In general, 


people wish to do research on the same 
computer on which instruction is carried 
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out. Therefore, wanting the best, mog 
rapid, and most versatile machine that 
can be afforded would seem to be a good 
policy. 

Consideration on the project is being 
given to the use of smaller machines as 
a way which people who would be 
slightly timid in approaching a large ma. 
chine might be introduced to the use of 
computers. Also, it is a way by which 
those who first work in the field of com. 
puting may actually have the satisfaction 
of punching the buttons. The people 
who already have punched buttons don't 
think there has been much merit to it 
Those who have never had the chance to 


punch buttons aren’t sure until they have | 
punched them. A Royal McBee LGP 30 — 


and a Bendix G-15 computer, both con- 
sidered “small-scale machines,” are avail- 
able to faculty and students through our 
project. However, the primary volume 
of student computer problems is presently 
handled or. the large-scale IBM 704: 

Eventually each school must select ap- 
propriate computer equipment of its own 
to be used in engineering instruction. At 
such a time it will be advisable to meas- 
ure the capabilities of current con- 
puters of, say, the large, medium and 
small scale varieties against the require- 
ments of the job they will be expected to 
perform. Such an analysis is illustrated 
in Table III for a hypothetical engineer- 
ing college with an enrollment of two 
thousand undergraduates and four hur- 
dred first year graduate students. Com- 
puter utilization in hours per day is 
“guesstimated” based on current exper- 
ence on the plan for a minimum of eight 
problems to be solved on the computer 
by each undergraduate for schools con- 
sidering either one large, several medium 
or many small scale computers. In ar- 
riving at the above figures, some con- 
sideration was given to the fact that the 
size or scope of the problems tackled by 
students will tend to be limited in the 
senior and graduate levels when handled 
on the smaller computers. 

It is clear that budgets must be revised 
in engineering schools to include substan- 
tial amounts for computing equipment. 
One dean said, “Please come to lun 
with my President and tell him that in 
the past we have thought of the budget 
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Taste III 
PROJECTED COMPUTER USE IN INSTRUCTION FOR HYPOTHETICAL 
ENGINEERING COLLEGE 
(2,400 Students) 
IBM 704 IBM 650 LGP 30 or Bendix G-15 
Computer Computer Computer 
Year | students | Nor” | Timeper | Total | Time per | | | Tota 
per per per per per per 
Student, Day Student, Day Student, Day 
Minutes Minutes Minutes 
Soph 500 1 15 60 
2 7: 12 45 
3 4.5 21 120 
2.1 9.8 
Junior 450 4 3 30 90 
5 §.4 45 90 
6 (ee 80 160 
6.0 13.1 
Senior 350 7 9 90 240 
8 18 225 400 
9.5 19.4 
ist Grad 400 9 36 240 480 
10 36 720 1200 
2.50 33.4 58.4 
Total 2,400* 4.3 51 101 
No. of 
Whole 
Com- 
puters 
Indicated 4-5 10-12 


* Includes 700 Freshmen not involved in computer. usage. 


of an engineering school as composed of 
buildings, faculty, and laboratory equip- 
ment; and in the future we will think of 
the budget for engineering colleges as 
composed of buildings, faculty, equip- 
ment and computers.” In industry they 
have found that they must allocate a por- 
tion of engineering or research budgets to 
computers, and likewise for universities 
it is rather clear that substantial amounts 
of support must be given to computing 
centers for use in education. In fact, one 
can say that a major deterrent over the 
past ten years on the introduction of com- 
puters into instruction has been the finan- 
cial requirement. Only in the last two 


or three years have many schools found 
it possible to provide the necessary 
finances for handling classroom work. 
With a few more years of experience 
in the use of computers in instruction, it 


is likely that the conclusion will be that 
the largest and most versatile computer 
which can be afforded, possibly with 
multiple consoles, will be the best for 
academic use as well as research. 


The College Program 


The entire college, not just one or two 
individual departments, should adopt the 
philosophy of computer use in instruc- 
tion. Experience to date has indicated 
that it would be difficult for say, two de- 
partments, such as Civil and Chemcial 
Engineering, to have their own students 
learn to use computers for working class 
problems and expect satisfactory integra- 
tion with the regular work. If the other 
departments did not go along with this 
concept, in a short time one would find 
that the matter of service courses such as 
Fluid Mechanics, Thermodynamics, and 


| 
| 
| | 
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Strength of Materials would involve the 
use of computers; and the programs not 
accepting the principle would find that 
their students either would have to take 
different courses or would have to be 
prepared to understand such computer 
work in these service courses. 

For this reason the project attempts to 
cooperate with other schools which are 
also giving serious thought to an across- 
the-board approach. The project issues 
invitations to these schools to send peo- 
ple to learn the use of computers either 
during a semester, during the summer or 
for a one-week intensive workshop. Ap- 
proximately five men are so far promised 
each semester, twenty for the summer, 
fifty for the workshop. In looking the 
matter over, administrative officials find 
it difficult to release people for an entire 
semester and sometimes even for a sum- 
mer because of the difficulty of replacing 
the teachers. The time is here when en- 
gineering colleges may need to think in 
terms of having their faculty spend a por- 
tion of the time learning new things by 
being sent off to other places or by being 
removed from some teaching functions in 
order that they may be given schooling 
opportunities in given areas. The use of 
computers in instruction is one such area 
by which this program could be started. 

More specifically, it is believed that 
a college needs to have at least two or 
three people in each program or depart- 
ment who have a working knowledge of 
programming and the use of computers 
before they can be on the road to finding 
out how the curriculum should be ad- 
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justed to accomplish the total integration 
process. This means that the professors 
who are using the computer in research 
must extend themselves to understanding 
it well enough to use it in instruction. 
It also means that others who have only 


- been talking about it must now get down 


to cases, really learn how to do it so as to 
qualify to teach with the aid of the com- 
puter. Once a small group in each de- 
partment has learned enough about com- 
puters, appropriate curriculum adjust- 
ments can be made and others can learn 
by sharing sections with those knowledg.- 
able in the field, thus developing a rather 
complete knowledge on the part of all 
the staff. 

The accomplishment of this goal is a 
real challenge. Even with the assistance 
of our Project it will take one and pos- 
sibly two more years before we have an 
integrated program. Encouragement and 
commendation are due to many teaching 
faculty who have been contributing their 
efforts toward upgrading engineering 
education. 
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APPENDIX A 


The Response of Students in Science Engineering 112 
to a Class Computer Problem 


DALE F. RUDD 


1. Introduction 


In the spring of 1960 a class in rate 
processes was assigned a home computer 
problem. This report contains the stu- 
dents’ background, their response to the 
problem and the instructor’s critique. On 
the whole, the students’ performance was 
more than adequate with the majority 
showing high interest and many great 


ingenuity. Several students were mo- 
tivated to work additional problems in 
their own fields of interest. 

This experience indicates that it is 
possible to profitably integrate a com- 
puter problem into the normal content of 
this course. It also uncovered some pit- 
falls that may be encountered and can 
easily be eliminated. 
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2. Class Background 


Science Engineering 112, Rate Proc- 
esses, four hours credit, is taught at the 
junior and senior level. The course in- 
cludes fluid flow, heat transfer, mass 
transfer, chemical reaction kinetics, and 
related rate processes. The students tend 
to be strong in mathematics and the sci- 
ences but have less background in prac- 
tical engineering courses. In some cases 
this course is the first exposure to realistic 
engineering problems. 

This class of approximately fifty stu- 
dents meets for one hour, four days a 
week. Two hours are spent on formal 
lectures and for the remaining two hours 
a week the class is divided into two 
recitation sections. In the recitation sec- 
tions, class problems are discussed and 
related material is presented in a less 
formal atmosphere to give the students 
closer contact with the instructors. This 
semester the course was taught by two 
members of the department of Chemical 
and Metallurgical Engineering: J. L. 
York and D. F. Rudd. 

This class contains the complete spec- 
trum of computer experience. Some 
students had no prior computer experi- 
ence while others have worked as many 
as 15 problems on the computer. The 
one saving feature is the fact that the 
“problem oriented” MAD language used 
at the University of Michigan can be 
learned quite easily. The primary source 
of computer experience for the students 
was a series of evening lectures given by 
E. I. Organick of the Ford Foundation 
Computer Project. Over 80% of the 


Taste AI 
STUDENT COMPUTER EXPERIENCE 


Group Special lectures only 80% of class 
Group II Math 173 or more 20% of class 
Extremes: One student read the abridged 


manual only. 


One student had industrial experi- 
ence as a programmer. 


PROBLEM-WORKING EXPERIENCE 


No. of Problems Group I Group II 
Worked % of Group % of Group 
0 65% 0 
1-2 35% 0 
2-5 0 0 
5-10 0 50% 
10-15 0 50% 
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class received all of their programming 
experience from this series of lectures 
totalling six to eight hours. The remain- 
ing 20% of the students completed Math 
173, an intensive three-credit-hour course 
in computer programming and theory. 
One student had industrial program- 
ming experience. A condensed MAD 
programming manual was available to all 
and attendance at E. I. Organick’s lec- 
tures was recommended but not required. 
Table AI summarizes the class back- 
ground. This class is a cut above the 
average but still contains all levels of 
ability. 


3. The Computer Problem 


The computer problem was assigned 
as a normal part of the course devoted 
to heat transfer. The problem is that of 
determining the temperature distribution 
in a two-dimensional semi-insulated solid 
(see 7. Problem Assignment and 8. In- 
structor’s Solution). This particular prob- 
lem was chosen because it is one of real 
engineering interest that cannot be solved 
analytically and, even more important, 
because it lends itself to machine solution. 
The problem not only serves as an exer- 
cise in the solution of heat transfer prob- 
lems but also gives the student some in- 
sight into the potential of a computer. 

Class lectures preceded the problem 
assignment. These lectures deal with 
the formulation of the heat equation and 
related boundary conditions as well as 
numerical techniques of solution. The 
problems associated with the numerical 
solution for the temperature distribution 
in solids were discussed in some detail 
and an iterative temperature correction 
technique was presented. The students 
were then assigned, as a home problem, 
the problem of determining by hand cal- 
culation the approximate temperature dis- 
tribution in the semi-insulated solid (sec- 
tion 7) using a coarse ninepoint network. 
Their solutions were graded and returned. 

The next phase of the problem was to 
modify their approach to the problem 
to make it amenable to machine solution. 
These modifications consisted of defining 
the method of solution explicitly, in par- 
ticular the mechanism of iteration and 
the termination criteria. These were 
handled intuitively in the hand solution 
but must be defined explicitly for the 


| | | 
| 
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machine. This re-evaluation of the prob- 
lem was presented in the form of a com- 
puter “Flow Sheet.” The flow sheets 
were corrected and the various methods 
were discussed in class. The flow sheets 
consumed a major portion of the stu- 
dents’ time and provoked quite a bit of 
interest. 

The coding of the flow sheets into 
MAD language was then assigned and 
the students were then required to hand 
in punched cards which were sent to 
the computer for compilation and execu- 
tion. Those unsuccessful were returned 
to the students for corrections and were 
resubmitted to the computer. A correct 
solution was required before the end of 
the semester (three weeks from the time 
the punched cards were first required 
and four weeks from the assignment of 
the original problem). 

The students had the option of work- 
ing in groups or alone. The maximum 
number in any one group was limited to 
three. Table AII shows how the stu- 
dents chose to group themselves. 


4. Class Response 


In an attempt to obtain objective in- 
formation about time consumption and 
sources of difficulty a “problem evalua- 
tion sheet” was handed out with the 
problem assignment. It was emphasized 
in class that the information obtained 
from these evaluation sheets could not 
be traced back to its source and hence 
the students could be quite frank with- 
out fear of retaliation. This provides the 
major source of information for the sta- 
tistics presented in this report. 

The class is divided into two main 
groups according to computer experi- 
ence. The first group has only the spe- 
cial lecture experience and constitutes 
80% of the class. The second group is 
the more experienced, having Math 173 
or more, and constitutes roughly the re- 


TaBLe AIT 
Group DIstTRIBUTION 
Number of Students % of Class 
per Group So Grouped 
1 18% 
2 25% 
3 57% 


Total Number of Groups = 23. 
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TaBLe ALII 
StupENT Home Time Distrisution DIsTRIBU 
Group I, Special Lecture Group, 80% of Class Gr 
Time in Hours 
Flow 
Max 2.0 6.0 5.0 22 4: 
avenge | 10} 30 | 25 | 
Min 0.3 0.8 0.8 0.8 | O1 
Total Average Time = 8.9 Hours 
Average 
Group II, Math 173 or more, 20% of Class of Err 
Time in Hours 
Table 
Theory] | Gade | Punch} come | 
standar« 
Max 0.3 6.0 1.5 present 
Average | 0.2 13 0.9 0.7 0.2 number 
Min 01 | 03 | 05 | 05 | Of dents to 
Total Average Time = 3.3 Hours 5. Clas 
Ther 
maining 20% of the class. Table Al introduc 
shows this division of programming ex- a cours 
perience. more p 
The problem was divided into five jects. 
main phases in an attempt to isolate the this cas 
time-consuming and error-provoking sec- the con 
tions of the problem. The phases are Norn 
theory, flow diagramming, coding, card are assi; 
punching, and error correcting. Table are dis 
AIII shows the amount of class time The stu 
spent on each phase of the problem by returnes 
the students. It is particularly interest- sumed 
ing to compare the time spent by the equival 
experienced group to that spent by the This eli 
inexperienced group. The major part of from th 
the students’ time was spent on the flow when tl 
diagramming and coding. The average their co 
student spent 8-9 hours out of class. comput 
The experienced man spent less and the again a 
inexperienced man much more. normal] 
IBM 704 computer time used by the ence w 
class is reported as follows: Total time sacrifice 
used by the 23 student groups and the 6 
instructor was 142 minutes. Each group » Inst 
required on an average of 4 trips to the This 
computer to obtain a final solution with both to 
the total time consumed for each group tor. T! 
the inst 


averaging six minutes. 
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TasLe AIV 


DISTRIBUTION OF REPORTED STUDENT ERRORS 


Group I, Special Lecture, 80% of Class 


Flow Cod- | Punch- 


Theory Diagram ing ing 


Average No. 
of Errors 0.7 1.0 4.0 6.0 


Group II, Math 173 or more, 20% of Class 


| Flow Cod- | Punch- 
Theory Diagram| ing ing 
Average No. 
of Errors 0.2 0.0 2.0 2.0 


Table AIV shows the distribution of 
reported student “errors.” The author 
hesitates to interpret these tables since a 
standard definition of an error was not 
presented to the class and hence the 
number of errors reported by the stu- 
dents is probably not on the same “scale.” 


5. Class Time Consumption 


There has been some concern that the 
introduction of a computer problem into 
a course might consume time that could 
more profitably be used on other sub- 
jects. This may or may not be true. In 
this case the computer problem added to 
the content of the course. 

Normally two to four home problems 
are assigned each week. These problems 
are discussed in the recitation sections. 
The students’ solutions are graded and 
returned. The computer problem con- 
sumed one full hour of lecture and the 
equivalent of three hours of recitation. 
This eliminated 6 to 12 home problems 
from the course. In the period of time 
when the students were busy correcting 
their codes and resubmitting them to the 
computer regular class problems were 
again assigned and the class proceeded 
normally. I believe the computer experi- 
ence was well worth the few problems 
sacrificed. 


6. Instructor’s Critique 

This experience was quite educational 
both to the students and to the instruc- 
tor. This critique could be titled “what 
the instructor learned.” 
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The students are capable of more than 
originally anticipated if their interest is 
aroused. The home problems became 
somewhat of a necessary chore for the 
students and the computer problems pre- 
sented a “change of pace” that stimulated 
the students’ interest. The student en- 
thusiasm could be sensed from the na- 
ture and number of questions asked dur- 
ing the recitation periods. I believe that 
the hours spent on the flow diagram and 
coding were willingly spent and those 
spent on the card punching far less will- 
ingly spent. 

The relative simplicity of the MAD 
programming language and the availabil- 
ity of special lectures made this experi- 
ment possible. A minimum amount of 
time was needed for the student to be- 
come somewhat adept at the MAD lan- 
guage. Had the programming been re- 
quired in a more complicated language 
I doubt if many of the students could 
have finished the problem. 

The choice of the problem is quite 
important. Many problems that are 
“simple” physically, present some onerous 
programming difficulties. The problem 
should be worked by the instructor be- 
forehand. This tends to eliminate those 
problems that the instructor “can’t solve” 
and hence would eliminate some difficul- 
ties for the students. 

In think it is a good idea to break the 
problem into several phases (i.e., flow 
chart, coding, etc.) allowing the student 
to become acclimated to the new way of 
thinking. Above all, plenty of time must 
be allowed for the final solution for the 
students are not just solving a problem 
but are learning a new approach to solv- 
ing problems. This may take some time 
for the student to absorb. 

The problem should be an integral 
part of the course and the instructor must 
be interested in the problem. Nothing 
dulls a student’s enthusiasm as lack of 
enthusiasm on the instructor’s part. 

One danger exists that must be con- 
sidered seriously. That is, they may be- 
lieve the numbers received from the com- 
puter because of the fact that they came 
from the computer and for no other rea- 
son. The attitude may exist, “because 
the computer gives seven figures they 
are seven significant figures.” This at- 
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titude can be tempered by having a lec- 
ture on some of the problems of con- 
vergence and error propagation in the 
numerical solution of problems. This 
lecture should include some problems 
that cannot be worked on the computer. 
They should realize that there exists a 
field of mathematics concerned with the 
problems of “solvability” and they should 
be encouraged to develop a strong back- 
ground in numerical analysis if they in- 
tend to use computers as tools. 

It is a mistake to have the students 
work in large groups during the initial 
phases of the problem (flow sheets and 
coding). Several strong ones carry the 
ball and the weak ones fall behind. It 
may be better to have the students work 
alone on the initial phases and then select 
the better programs to be punched and 
run. Not all would actually have their 
program put on the computer this way 
but at least most of the students would 
develop a program more or less by them- 
selves. 

One question remains, “Do the stu- 
dents know more about heat transfer 
after this experience?” I believe so, and 
just as important, they know of the exist- 
ence of a powerful tool and have had 
actual experience in making that “elec- 
tronic monster” behave. 


7. Problem Assignment * 


Write a computer program to solve for 
the temperature distribution in the fol- 
lowing conducting solid 


Uj; 


c 


The upper surfaces are maintained at 
temperature Ty, the lower surface at 
T,, and the sides are semi-insulated. 
The problem may be considered as two 
dimensional. The program should be 
capable of handling up to 400 mesh 
points and the computations should 
terminate either when a maximum num- 
ber of iterations have been performed or 


1 This section is the exact wording of the 
problem assigned to the students. 
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when some degree of accuracy has been 
achieved, whichever comes first. You 
may want to prepare several sets of data 
for the computer to study, for example, 
the effect of mesh size on the solution, 
Hence the program should be able to 


‘handle arbitrary mesh size up to 400 


points. The iterative correction method 
suggested in class is recommended. 


8. Instructor's Solution 


Divide the solid into an array of mesh 
points. 


ty 


Y 
W 


The first subscript refers to the hori- 
zontal direction and the second to the 
vertical. T, 7g is then the temperature at 
the upper left hand mesh point, for ex- 
ample. 

The finite difference form of the heat 
equation and the boundary conditions re- 
late the temperatures at the mesh points 
by the following relationships. 


1) = + Ti, + + 
for 2<i<IC-1 and 2< j <JB-t 
2) Ti; = (Ts, + Ti, + 
for 2<¢ JB-1 and i=IC 
3) = (Ti, 5-1 + + 27.41, 
for ¢=1 and 2<¢j<JA 
4 Ti;) = Tu 
for 1<¢¢1C and j=JB 
or i=1 and JA<j< JB 
5) Ti; = Tr 
for j=1. 


An initial temperature distribution is , 
assigned (in this case, linear) and it is — 
then corrected by repetitive application — 
of equations 1 through 5. The program 
is terminated when either the tempera- 
ture at each point has been corrected N- 
max times or when the absolute value of 
successive temperature changes is less 
than E at every point. N-max and E are 
arbitrary constants given to the computer. | 

The instructor’s flow diagram, program | 
and solution follow. 
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ForMAT oF INsTRUCTOR’s RESULTS 


Vol. 51—No, 3 


JA JB Ic NMAX TU TL E 
"N=" XXX 
10 20 20 60 100200 9200 0210 
50 C= 
0.00 7019 14.55 22220 30231 39208 48.88 60.39 75045 100.00, 
100.00 100.00 100200 190200 190.00 100-00 100.00 100.00 100200 100200 
0.00 Tel? 14049 22209 30.10 38072 4815 5874 70077 83056 
B5.06 31.96 55.80 55.13 96019 37.85 95.62 
0.00 7207 14.27 21071 29048 37071 46047 5507 65044 74052 
~ 80.78 B5.07 66.18 30059 92058 940350 95-55 98066 
0.00 6091 13294 21014 28.6u 36035 44040 52067 60086 68042 
74.59 79.46 B3035 86056 36.05 38.05 
0.00 6072 13653 20047 27059 34088 42032 49080 57010 63489 
0.00 6052 13210 19.78 26056 33045 40040 4763C 5402 60436 
“66015 T5299 83097 935.96 97.00 T0000 
0.00 6032 1268 19210 25260 32015 38670 45019 51.52 57056 
63e22 8046 T3629 TT. 75 T00.00 
0.00 6013 12.29 18.49 24073 31200 37025 43044 49049 55032 
60.89 66014 80015 B4e39 Weel 100600 
0.00 5296 11294 17295 23.98 30002 36004 42-00 47085 53654 
64429 69233 T4215 B3e23 BTe54 76 95090 
0. 5.81 11264 172049 23035 29021 3500> 40084 46034 52012 
67.92 T2085 17.63 591.26 T0000 
0.00 5.69 11.39 17e1l 22.83 28055 34025 39090 45049 50.99 
36039 61266 66480 Bleds2 Boece 
0.00 5059 11019 16680 22041 28602 3361 39016 44067 50011 
55648 60675 65.93 T1001 76000 “95.28 100-00 
0.90 551 11.03 16055 22208 27260 33210 38.59 44.03 49043 
0.00 5045 1090 16236 21482 27227 32072 38014 43054 48091 
69259 73200 BOe0T 90.09 TO0200 
0.00 5040 1080 16621 21062 27203 32042 37081 43017 48.51 
535.82 59.09 75.67 84.55 10000 
5036 10.73 16610 21047 26084 32021 42290 48022 
0.00 5034 1068 16002 21.37 26071 32005 37038 42071 46.01 
0.00 5032 10065 15097 21430 26063 31.95 37027 42058 4788 
0.09 5031 1063 15095 2126 26058 31.90 37021 42051 4780 
53.09” 63061 68065 74.07 T9028 84.48 89.68 94.83 
0.00 5031 1062 1594 21226 26057 31.88 37019 42049 47679 
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9. Student Solutions 
Two student solutions are given here 
which, in the instructor’s opinion, are 
superior to his own. The first is by Lee 
H. Frame, and the second is by John 
Herman. 
FraMe’s MAD LancuacE PRoGRAM 
LEE He FRAME “SEe 112 HEAT TRANSFER PROBLEM 
DIMENSION T(400s9DIM) 
READ FORMAT INPUTs ICs JAs JBs NM» TUs Tls E 
PRINT FORMAT TITLE» TUs TL» JAs JBs ICs NMs 
a ~ THROUGH BARBs FOR I=ls ls I eGe IC 
BARB 
N=0 
SANDIE c=0 
THROUGH FOR 1s I eGe IC 
THROUGH ANNs FOR J=ls ls J eGe JB 
WHENEVER JeEol 
OR WHENEVER JeEeJB 
TN=Tu 
OR WHENEVER | eANDe JeGEe JA 
OR WHENEVER IeEol eANDe JeGel eANDe 
OR WHENEVER IeEeIC eANDe JeoGel eANDe JoleJB 
Cs J) 74% 
_OR WHENEVER) I1eGel eANDe JeGel eANDe Jeol eJB eANDe TelelC 
END OF CONDITION 
ANN T(IsJ)=TN 


WHENEVER NeLeNM eANDe CoGe0s TRANSFER TO SANDIE 
PRINT FORMAT RESULT » Co No TllolleceelT(ICsJB) 
INTEGER) 

VECTOR VALUES DIM =291920 

VECTOR VALUES INPUT=$4149 3F10¢2*$ 


VECTO = H ra 


1 /// GH TU=F602 / 4H / 4H JAFI4 / 4H JBFI4 / 4H 


2 7 4H NM=I4 / 3H E=F4e2*S 
VECTOR VALUES RESULT=$3H C=I4 / 3H N13 /// (20F602)*S 
END OF PROGRAM 


T 
| : 
60236 
57056 
55032 is 
53054 
52el2 
50099 
50ell 
100-00 = 
49043 
TO0200 
48091 
48.51 
48 
46.01 
47280 
47679 
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HermMan’s MAD LANGUAGE PROGRAM 


DIMENSION 2(400eV)9V(5) 

VECTOR VALUES V 
ALPHA READ FORMAT CARD1eTUsTLoEE 
READ FORMAT CARD2,JAs JBsICsNM 
PRINT FORMAT TITLEsTUsTLoEE 
PRINT FORMAT DATAsJAsJBsICsNm 

X=TU/(JB-1) 
y=X 


$9005) 
294) 83 


48) 77 
039] 77.86] 83.37) 88.90) 94 


77.83} 83 


ST 72. 361-77 


66697/-72 


61469] 67206 
61.5 

2} 61255] 66692 


5602 


50095 


068) 45687] 514610] 5643 


0591 45677] 51200) 5662 


45273 
731 50-95 


53/40 


45/40 


40] 35 
35 


30634 
222] 30.30 


25430 
25.25 


215] 20022 
20017 
210] 20615] 25 


THROUGH AlsFOR 
THROUGH A2s FOR I=lelelIeEsI Cel 


A2 Z(JoI) = X 

Al X_=_X+¥ 
= 

BETA END2 = 0 


THROUGH A7s FOR J=1lolsJeFeJB+1 
THROUGH FOR I=leleleEsIC+1 
WHENEVER 
OR WHENEVER JeEol 
2 Ti 
OR WHENEVER JA) JE 
R = Ty 
OR WHENEVER 

OR WHENEVER IeEeIC 
J+ lol Jo 
END OF CONDITIONAL 


A3 Z(JeT)=R 
AZ CONTINUE 
END1=END1+1 
H 1 M R R 
TRANSFER TO BETA 4 
ENDL 


WHENEVER ICeGelOsTRANSFER TO 
—A4—_—______ PRINT EORMAT RIsEND? ..._ 
THROUGH A5s FOR J= 
PRINT FORMAT RESIUI TaZl 
TRANSFER TO ALPHA 
PRINT FORMAT R2sEND]... ... 
THROUGH FOR J= 
1c=10 
TRANSEEFR TO A& 
INTEGER 
VECTOR VALUES CARD2=S$414*$ 
VALUES TITLE=$41H1SOLUTION OF SE .112 PROBLEM BY RELAXA.. 
I1TION/SHOTU =F10e6*S 


0-00] 5.0 
0.00 
0.00 
5 


VECTOR VALUFS DATA=$5HO.JA JB =14sSl,4HIC 

eee 14HNM =14*$ 
ete ~ VECTOR VALUES ANSWER=$8H ANSWERS///23HONUMBER OF ITERATIONS = 
Sooo VECTOR VALUES R1=$18H TH#END1 
ed 1 =14*$ 
VECTOR VALUES R2=$20H Z(11911)e0eZ(20920) sl0H+. » TH+EN 


END OF PROGRAM 
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Format OF HERMAN’s OuTPUT 


"SOLUTION OF SE112 PROBLEM -BY RELAXATION" 


“je "T=" Xxx" 
"JA= "JB=" XXX "yM=" XXXX 
"ANSWERS" 


"NUMBER OF ITERATIONS="  XXXX 


"Z(11,11)...-Z(20,20) + + =" Xx 

T(11,1 T(13,1 
7(11,20) (12,20)........ .1(20,20) 


Case A 
CoarsE MESH 


SOLUTION OF SE PROBLEM BY RELAXATION 


Iv = 100200 TL = 0.00 FE = 02005000 
ANSWERS 


NUMBER OF ITERATIONS = 11 
020000 020000 020000 020000 
20000 5602606 4204218. 3901900 
10020000 8206249 7402408 71209179 


100 100 100 
/00 YY 
/00 


A, 


Yy 39.19 
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Understanding the Elements of Effective Teaching 


H. T. MORSE 


Dean, General College 
University of Minnesota 


Anyone planning to build a dog house 
or take a trip would surely be considered 
improvident, if not downright silly, if he 
did not construct a plan for his enter- 
prise. Yet it is amazing how many young 
college instructors enter upon their first 
teaching assignment, and may perhaps 
continue year after busy year, without 
constructing any cogent plans for what 
they hope to accomplish in the classroom. 

In preparing any plan, there are cer- 
tain major reference points or land marks 
to be observed in charting the course of 
daily classroom activities. These are, in 
descending order of magnitude and in- 
creasing order of specificity, the context 
of higher education as a whole, the ma- 
jor purpose of the college or unit in 
which the instruction takes place, the 
purposes of the course being taught, and 
the learnings to be achieved in the spe- 
cific class session. To educate is to 
change behavior. Therefore, any effec- 
tive plan for educating should be couched 
in terms of those behaviors which one 
wishes to condition or to change. 


Learning to teach and, in the larger 
sense, becoming an engineering edu- 
cator, are processes about which we 
really know very little. They con- 
tinually take place, they are very 
important, and they will soon become 
urgent. After much thoughtful study, 
the Committee on the Development 
of Engineering Faculties of ASEE or- 
ganized the Cleveland Conference of 
19-21 November, 1959, to bring to- 
gether a small group who could iden- 
tify and assemble the resources in our 
own and other fields, including for- 
mal education, that can best aid this 
process of learning to become a 
teacher and educator. This paper is 
one of the series originating from 
that Cleveland Conference. 


All teachers—not only those in engi. 
neering programs—should be interested 
in maximum efficiency. Therefore, they 
ought to make optimum use of those 
minutes which are at their command at 
each class session, and in order to do s0 
they should construct a list of purposes 
to be attained and a plan for attaining 
these purposes or objectives. And the 
preparation of a list of such major leam.- 
ing outcomes provides also a framework 
for subsequent evaluation of student 
achievement. For evaluation, to be valid 
and proper, should be closely geared to 
the objectives of instruction. 

Earlier statements of purposes or plans 
almost always involved “mastery of facts,” 
and I suspect that not only in engineer. 
ing but in any other field, instructors who 
are embarking upon this exciting journey 
of college teaching think primarily in 
terms of getting the student to know the 
facts. This is, in a way, a concept of 
mental discipline. You may remember 
that when Alice and the White Rabbit 
and their companions were engulfed in 
the pool of tears at the bottom of the 
well they sought means to dry themselves | 
out. Alice suggested that someone read 
passages from Gibbon’s History of the 
Decline and Fall of the Roman Empire, 
because, said she, that is the driest thing 
I know. There are undeniably other de- 
sirable outcomes of instruction, and I am 
sure that teachers of engineering sub- 
jects would be among the first to say that 
knowledge of facts alone is not sufficient. | 
We must be concerned also with the un- 
derstanding of basic principles, with abil- 
ity to analyze and to generalize, ability 
to apply knowledge to solving problems, 
and so on. These were long considered — 
as by-products or corollaries of factual 
learning. But numerous investigations 
have indicated that they do not auto- 
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matically accrue to the individual who 
knows the facts. 

In the last few years some rather in- 
teresting shifts or new dimensions are 
being probed in liberal arts instruction, 
and, I presume, these would apply also 
in engineering institutions and technical 
institutes. One of these is critical think- 
ing, which had long been accepted rather 
glibly as a desirable aim of instruction, 
but deplorably little had been done to 
develop and to evaluate this kind of 
learning. It was my privilege a number 
of years ago to participate in the Amer- 
ican Council on Education sponsored 
study of the evaluation of the outcomes 
of general education. There were six in- 
tercollege committees representing nine- 
teen institutions, and of the six commit- 
tees representing fields such as the hu- 
manities, the social sciences, the sciences, 
communication, etc., four of these com- 
mittees, in independent deliberations, 
came out with the assertion that one of 
the most important elements in their field 
was the ability to think critically. 

Another trend in recent years has been 
toward the integration of learning. We 
have heard a great deal in higher educa- 
tion and elsewhere about fragmentation, 
and therefore we are interested in pulling 
the fragments together into meaningful 
wholes, because only as learning can be 
articulated, only as it can be arranged 
into meaningful patterns, can there be 
the desired changes in behavior. 

A third outcome which has received 
much attention lately is that of values. 
A sputnik in the educational world was 
launched recently by Philip E. Jacob, 
called Changing Values in College. I 
quote in Jacob’s own words the following 
from a later report: “A study of what hap- 
pens to the values of American students 
of today shows that their college experi- 
ence barely touches their standards of 
behavior, quality of judgment, sense of 
social responsibility, perspicacity of un- 
derstanding, and guiding beliefs.” Could 
there be any more damning indictment 
of what we are attempting to do in higher 


1Philip E. Jacob, “Does Higher Education 
Influence Student Values?” Spotlight on 
the College Student. Washington, D. C.: 
American Council on Education, 1959, p. 3. 
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education and indeed in all education? 
There have been a number of follow-up 
investigations, and it is hoped that this 
particular problem will receive sustained 
and effective consideration. 

Another new development is that of 
creativity. I was interested in hearing 
what Professor William LeBold had to 
say about the creativity unit in their 
orientation of new instructors at Purdue 
University. I notice also that some of 
the publications dealing with engineer- 
ing talk about creative engineering and 
creative teaching in engineering programs. 

Still another concept which we are 
coming to grasp, and, I hope, to accept, 
is the understanding of the student as a 
total being. Now, much ink has been 
shed to debate the proposition as to 
whether we are teaching content or 
whether we are teaching development of 
young people. There need be no con- 
flict between these two at all because, as 
every good teacher surely knows, we are 
trying to develop individuals as well as 
to teach them to learn content. One way 
to get around this apparent dilemma is 
to construct a two-dimensional chart. 
Along one side of the chart we may en- 
ter the items or topics of subject matter 
content which we desire the students to 
learn. Along the other axis of this chart, 
and correlated with each topical entry, 
we may list the desirable learnings which 
we wish to encourage beyond factual 
content, such as: understanding of im- 
portant facts and principles, knowing how 
to get additional information, ability to 
interpret data, ability to apply principles, 
ability to report results of study, ability 
to apply learning to new situations. This 
list could be extended at some length in 
terms of the field taught. To put this in 
capsule form, I would say that the suc- 
cessful teacher is the one whose students 
attain most satisfactorily these dual pur- 
poses of instruction. 

If we are to ask ourselves what are the 
characteristics of the effective classroom 
teacher, I would say first and foremost, 
without fear of any contradiction, that it 
is knowledge of his subject matter field. 
Last spring at the Association meeting, 
Dean Harold Hazen is reported to have 
said, “More than ever the life of the pro- 
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fessor must be the life of a student.” 2 
This is assuredly true in all fields. In an 
article in a recent issue of the JouRNAL 
OF ENGINEERING EpuCATION, Richard Sut- 
ton made this statement, among others, 
in a list of very practical suggestions to 


beginning teachers: “Know your subject. 


thoroughly. Take plenty of time to pre- 
pare, no matter how often you have cov- 
ered the subject before.” * And again 
in a follow-up study of the characteristics 
of engineering teachers, the first point in 
this description of the desirable teacher 
is, “A thorough knowledge of and inter- 
est in his subject. Engineering alumni 
overwhelmingly stated that the instructor 
in scientific and technical subjects must 
have this trait.” ¢ 

I have heard my colleagues say some- 
times that if a man knows his subject, he 
can teach it well. This comfortable as- 
surance has been contradicted by many 
studies and analyses of teaching. There 
is no automatic transfer to the ability to 
put a subject across, because we are con- 
cerned with a different element in the 
latter factor from pure knowledge of the 
subject itself. It is my belief also that 
the teacher ought to have an interest and 
a competence not only in his own field 
of specialization, but should have a sound 
general education as well. I should not 
like to leave this to chance or casual ac- 
complishment. Instead I should like to 
see included in the engineering program 
itself, as is actually happening in many 
places—and I think that M.I.T. was one 
of the first—training in the social sciences 
and the humanities correlated with that 
in the engineering specialties. 

Still another characteristic which is 
highly desirable in the successful teacher 
is that of understanding the learning 
process. One of the things that the be- 
ginning teacher frequently has most dif- 
ficulty in grasping is that students may 
appear to know things without actually 


2 JOURNAL OF ENGINEERING EDUCATION, 
Oct. 1959, p. 15. 

3 Richard M. Sutton, “Reflections on 
Teaching I have Seen,” JouRNAL OF EN- 
GINEERING EDUCATION, June 1959, p. 959. 

4 Herman A. Estrin, “Engineering Alumni 
Describe Their Teachers,” Improving Col- 
lege and University Teaching, Autumn 1959, 
p. 114. 


knowing them. This is more fundamep. 
tal than that look of rapt attention which 
hides the fact that the individual studen: 
may be building castles in Spain or wool 
gathering thousands of miles away-I rr. 
fer to the sort of thing we call verbaliz. 
tion. The psychologist William Jame 
gives a prime example. He tells the 
story of a visitor to a grade school class, 
The teacher informed the visitor that the 
children had been studying the earth, 
sort of an elementary geology. The visitor 
said she would welcome the opportunity 
to put a question. So she said, “Wel 
now children, you’ve been studying about 


the earth and its composition. I would! 
like to ask you, if you were to diga 


hole miles deep, way down into the 
earth, at the bottom of that hole would 
it be warmer than it is on the surface, or 
would it be colder?” The children wer 
puzzled. None seemed to know the an- 
swer. The questioner was visibly dis. 
tressed. Finally the teacher said, “Ex. 
cuse me, I don’t think you put the ques 
tion in quite the right way. Let me ask 
them.” So the teacher said, “Children, 
in what state is the interior of the globe? 
And the chorus of replies came, “The in- 
terior of the globe is in a state of igneous 
fusion!” One could readily find illustra 
tions of this kind to let us know that this 


can and does happen even at the college | 


level. In this connection I like the con- 
ment that one of Sarah Blanding’s stv- 
dents made one time when, after many 
efforts by Miss Blanding to get the stu- 
dent to see the point of developing lean- 
ing and an attitude towards it in young. 
sters, the girl finally said, “Oh, Miss 
Blanding, now I see what you mean. 
First you kindle a spark, then you water 
it carefully.” 

Studies which have been made of the 
learning and teaching process are for the 


most part on the “Never-to-be-read” list 


of college instructors. That is to say, it 
is deplorable, but true, nevertheless, that 
very few college teachers are interested 
in the numerous studies available about 
the teaching-learning process. The Pres- 


ident’s Commission on Higher Education, | 


which made its report in 1947, declared 
in this connection that the only profes 
sion for which there is no systematic 
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training in the activities in which the 
practitioner will engage is that of college 
teaching. 

Another characteristic of the success- 
ful teacher is the use of a variety of in- 
structional aids. It is hardly necessary 
for me to detail these here—such things 
as audio-visual aids, slides, models, 
movies, tapes, film strips, recordings— 
and to our young instructors I say, do 
not forget the most fundamental and 
simple of instructional aids, the black- 
board. It is amazing how often some of 
them will conduct a class as if the black- 
board did not even exist. 

An outstanding hallmark of the good 
classroom teacher is the use of imagina- 
tion and resourcefulness in presenting 
learning situations. College teachers 
often think in terms of the content to be 
covered, as I have stated before, rather 
than the method of presentation to be 
used. This is quite different from the 
virtuoso in the field of music or the other 
arts. The great Paderewski was once 
asked by an admirer why he bothered 
to practice every day. Said Paderewski, 
“If I miss one day’s practice, I know it. 
If I miss two days’ practice, the critics 
know it. If I miss three days’ practice, 
the audience knows it.” College instruc- 
tors, however, give surprisingly little time 
to thinking about the way in which they 
are going to make the content of what- 
ever they are teaching meaningful and 
effective. 

There are a number of illustrations I 
may give of what I would call “the use 
of imagination and resourcefulness.” I 
read at one time, for example, of a pro- 
fessor of sociology in a small college who 
was conducting student readings and dis- 
cussions and classwork on the influence 
of folkways and customs in molding be- 
havior and enforcing conformity. This 
professor decided he would teach these 
youngsters a lesson they would not read- 
ily forget. Therefore, he said to the 
class, “Let us have a conspiracy. No one 
will know this except you and me. For 
one week wear your best clothes every 
single day, and keep track of the com- 
ments that are made.” So, for a week, 
these young people wore their best 
clothes, instead of the customary sweat- 
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ers, slacks, skirts, and bobby sox. I leave 
it to your imagination to guess what 
their roommates and their friends said. 
These young people surely had their 
academic learning powerfully reinforced, 
to realize that one of our most influential 
sociological forces is custom. 

We had in the General College at the 
University of Minnesota an instructor in 
biology, a young man who taught a unit 
on genetics which he timed to his family 
cat. It so happened that this was a 
female cat, and anyone who has had ex- 
perience with female cats knows what 
happens when they are allowed to roam 
indiscriminately at night. And so, when 
the time came for the discussion on 
genetics, Ed would have a basket of kit- 
tens that were by this time five or six 
weeks old. He brought this to the class, 
so that they could have living illustra- 
tions of the inheritance of dominant and 
recessive characteristics—the long hair, 
the short hair, the eye color, and what- 
ever other characteristics cats have which 
may be included in such a lesson. This 
lesson was, I am sure, because of the 
particular device he used, something that 
the young people did not soon forget. 
(But, of course, he had an ulterior mo- 
tive, too. He had run out of friends, in 
a certain sense, by that time, so when 
the lesson was over, he would say to this 
large class, “Well now, would any of you 
like to have one of these kittens?” And 
immediately there would be a waving of 
hands, and this was a most successful and 
effective way of teaching a lesson and 
of getting rid of the produce of the family 
cat at the same time.) 

The thing that is essential, it seems to 
me, is to create in the individual teacher 
a desire to improve his teaching. We 
have used student rating forms for this 
purpose at the University of Minnesota. 
Space does not permit a description of 
how these are administered and used, 
but just a reading of some items is, I 
think, good therapy, “How clearly does 
your instructor present his subject mat- 
ter?: (a) Among the best instructors in 
clarity of presentation, (b) clearer than 
most instructors, (c) about average in 
clarity of presentation, (d) less clear than 
most instructors, (e) among the poorest 


: 
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instructors in clarity of presentation.” 
Each one of these items is graduated in 
five categories: “How well does he seem 
to be prepared for the class meeting?”— 
a, b, c, d, e. “How much original think- 
ing is demanded of you?” “How free is 


he from annoying personal peculiarities © 


and mannerisms?” “Would you recom- 
mend this course to a good friend whose 
interests are like yours?” “How would 
you rate your instructor in general, all- 
around teaching ability?” 

In conclusion, then, I would say that 
the conditions under which effective 
teaching may thrive, by and large, are 
three. First of all, understanding of all 
concerned that teaching and learning are 
complex processes. They depend on 
many factors, among which are the per- 
sonality and background of the instruc- 
tor, the type of the material to be taught 
and learned, the level of student ability, 
the motivation of the students, the phys- 
ical conditions of the classroom, and the 
morale of the faculty member. 

Secondly, the demonstration of a sin- 
cere interest in good teaching by deans 
and department heads. I noted in the 
JOURNAL OF ENGINEERING EpucaTION for 
October, 1959, the presidential address 
by Dean Alexander of Northeastern Uni- 
versity, which underscores this point, as 
follows: “The identification and public 
recognition of good teaching in the class- 
room, however, is much more difficult. 
Consequently, in too many institutions 
the administration becomes submerged in 
the detail of educational supervision, and 
high quality and imaginative teaching re- 
ceives so little recognition that the faculty 
become confused and wonder whether 
or not the administration really cares 
about top level performance in the class- 
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room. Well thought out programs of 
publicly recognizing these virtuosos of 
the classroom would pay great dividends 
in faculty morale and in increased class. 
room effectiveness.”5 The activities of 
your Committee on the Development of 
Engineering Faculties are to be com. 
mended highly, indeed, because they are 
concerned with the more effective prep. 
aration of young engineering teachers to 
do the best job they can. And the teach. 
ers are our seed corn. If they are not 
good, the product of their teaching wil 
be less good. 


And finally, as those in administrative © 


positions fully realize, if we really mean 
that we are interested in good teaching, 
we must give tangible evidence of that 
interest. We must give increases in sal. 


ary and promotion in rank to those whom | 
we know to be good classroom teachers, — 


They should not be too easily passed 
over, with the laurels going to the man 
with the longest bibliography. And so 
I am heartened to see this interest in im- 
proved teaching on the part of the mem- 
bers of this committee of your associa- 
tion. It is encouraging indeed to note 
the illustrations given of engineering fac- 


ulty development programs and devices | 


in the committee report prepared and 
written by Harold A. Foecke. 
that this effort may be part of a chain re- 
action, and that the good work which is 
being done by the committee and the ex- 
cellent illustrations of improved practices 
in engineering programs described will 
bear fruit in upgrading instructional prac- 
tices in engineering education as a whole. 


5 W. T. Alexander, “Engineering Educa- 
tion, Experience, and Expectation,” JouRNAL 
OF ENGINEERING EpucaTIon. Oct. 1959, 
p. 12. 


I hope | 


TV COURSE FOR INDUSTRY 


An experiment in radio-TV education is being conducted at a Milwaukee plant 
of AC Spark Plug, the Electronics Division of General Motors. A special closed 


circuit TV line is carrying a class in network theory from the University of Wisconsin | 


campus in Madison to the AC Spark Plug plant in suburban Milwaukee, a distance 
of about 80 miles. Also joining in the experiment is the University of Wisconsins 
branch in downtown Milwaukee, making a three-way network out the experiment. 


Class sessions originate in Madison. Through the use of a three-way audio system, | 
students in any of the three class areas may communicate with the professors in — 


Madison. All they have to do is pick up a telephone handset and talk into it. The 
professor as well as the other classes can hear and participate in the conversation. 
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What Industry Is Doing for Continued Education 
of Engineers 


EUGENE F. SCHNEIDER 


Vice President, Farm Equipment Product Planning 


International Harvester Company 
180 North Michigan Avenue 
Chicago 1, Illinois 


Competition has always been the key- 
word in United States industry. The 
way my product stacks up with yours in 
the marketplace has been the motive 
power for a large part of this country’s 
progress. It has been our pride—and, I 
think, a justifiable pride—that we have 
been able to offer the nation and the 
world a continuously growing number of 
better and better products in almost in- 
finite variety. 

But in our preoccupation with prod- 
ucts, it is now quite apparent that we 
failed fully to gauge the tremendous tech- 
nological momentum that we were build- 
ing up in producing them. 

I have been interested, in this connec- 
tion, to read about the current dilemma 
in the aircraft industry. The switch to 
jets by the manufacturers and the com- 
mercial airlines was certainly in the best 
tradition of our competitive economy. 
But the vast increase in speed and pay 
load of the new planes made it not only 
possible but good business logic for the 
lines to increase the number of flights. 
Result: a disconcerting number of empty 
seats. 

The aircraft industry will solve this 
problem, of course, even though it is al- 
ready talking about the supersonic com- 
merical planes that will make obsolete 
present jets just as they, themselves, are 
displacing piston craft. 


Address delivered to The American 
Society for Engineering Education, 
1960 Annual Meeting, Purdue Uni- 
versity, June 20-24, 1960. Recom- 
mended for publication by the Agri- 
cultural Engineering Division. 


But technological momentum has 
created another empty-seat problem that 
all of industry is facing in this jet age. 
Its ultimate solution may well be bound 
up closely with our survival as a world 
power. The empty seats I’m talking 
about are those that our fast-moving 
technology has created for occupancy by 
the scientists and engineers whom we 
are failing to provide. 

In a recent address, Hilliard Paige, 
chief of General Electric’s missile and 
space vehicle program, refers to “the 
crescendo of invention and industrial 
change” that has been abuilding in this 
century. Scaling down the 50,000 years 
of history, which we know about, to 50 
years, he says: 


“Man left his cave for some other dwelling 
ten years ago. He invented writing five 
years ago. Six months ago, Gutenberg de- 
veloped the printing press. Two months 
ago, electricity was discovered. Two weeks 
ago, the airplane was invented; last week, 
radio; last Sunday, television and the jet 
airplane; this morning the first sattellite 
went into orbit.” 


Mr. Paige made two other statements 
that, to me, are equally startling as they 
also reveal how terribly rapid recent 
technological progress has been. First, 
he pointed out that half of all the money 
this country has ever spent on research 
and development in its entire history of 
nearly 200 years has been spent since 
1950. Second, it has been estimated that 
despite the growing shortage 90% of all 
the scientists who ever lived are still 
alive today! 

So we have all these empty seats to fill 
with scientists and engineers. But here’s 
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where the jet plane analogy breaks down. 
The commercial airlines are at least 
blessed with the largest number of pay- 
ing customers in history. Our techno- 
logical airline is not so fortunate. Fol- 
lowing a drop of 14% in engineering 


college enrollments since 1957, we will- 


graduate over 10,000 fewer engineers in 
1960 than we did in 1950. And by 
1965, the federal government says, we 
may have a deficit of 100,000 engineers. 

So with technology moving at super- 
sonic speeds and with a dwindling sup- 
ply of engineers to man it, industry has 
a double reason to nurture and cultivate 
its technical talent: first, to keep pace 
with progress and, second, to compensate 
for a declining supply of new talent 
which must continue to be a grave prob- 
lem until we find a way to attract more 
young people to the profession. 


Competition of Ideas 


We must recognize that we now face 
a competition of ideas which—in some 
quarters more rapidly than others—must 
take precedence over our historic com- 
petition of products. I think someone 
summed it up rather well in the introduc- 
tion to my company’s tuition refund plan 
when he wrote: “Almost the only com- 
petitive advantage one company may 
hold over another in today’s economy is 
the possession of resourceful, capable, ef- 
ficient personnel.” 

Considering today’s technology, I think 
we'd all agree that “engineers and sci- 
entists” could be substituted for the word 
“personnel” without altering the truth of 
that statement. And considering also the 
state of world affairs, “nation” could re- 
place “company” to make the observa- 
tion even more significant. 

My purpose is to discuss what indus- 
try is doing for the continued education 
of engineers. And while, until now, that 
may seem to have been a well kept 
secret outside your printed programs, I 
believe no consideration of what industry 
is doing would be complete without a 
look, such as we have just taken, at the 
very compelling reasons why industry 
would be doing anything at all. For, 
though a few companies, like Western 
Electric, can look back a half century or 


more to the beginning of formal training 
programs for their engineers, I think we 
must admit that most of the activity in 
this area has come with the same bury 
of blinding speed that has characterized 
recent technological progress. On the 
same scale as Mr. Paige’s condense 


chronology of invention, most of us be. | 


gan to think seriously about continuing 
the education of our engineers “only this 
morning.” 


out in such a short time the best way to 
do this job. In fact, the variety of meth. 
ods we've seen in a recent quick look at 
a few companies leads to the belief that 


we may never find one best way. And 


perhaps we don’t expect to. But mor 
significantly, I believe we can observe 
that if industry fails to find a best method 


it won’t be from a lack of willingness to | 


experiment with many methods during 
the search. 

So I would like to try to tell you some 
of the things I think industry should be 
doing and document the ideas by citing 
some actual cases in which it is doing 
them. 

I believe the most important job in- 
dustry has to do in this area is to create 
the kind of climate in which an engineer 


will want to continue his education in- — 
dependently—with or without aid from 


his employer, with or without opportu. 
nity proffered to him. Without this ci- 
mate, all our formal programs, all our 
seminars and forums, all our refunded 
tuitions would be wasted. 

Facilities and financial support for en- 
gineering programs are a part of sucha 
climate. According to estimates, United 
States expenditures for research and de- 
velopment will reach $12.4 billion an- 
nually in 1960—more than twice the 


amount we spent only six years ago. In- | 
dustry will provide between 35 and 40% | 
of the funds and will administer some — 
75%. As a case in point, my own com- 
pany’s $38 million for engineering and — 
research in 1959 was nearly three times — 
the amount we spent in 1949 and 8) — 


times our R and D expenditure in 1909. 

Important as it is to put our money 
where our mouth is in research and engi- 
neering, it’s only part of the effort to 
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create the kind of climate we're talking 
about. Perhaps it’s only a small part. 
The rest of it eludes all our measuring 
devices and all our computers. It in- 
cludes such things as the interest and 
encouragement we offer, the guidance 
we give, the decisions we make, the ex- 
Of course, I am talking 
in large part about the kind of manage- 


is} ment we are establishing for engineering 
and research operations. A good boss in 


the engineering department can do more 
for the kind of climate we want than the 
best facilities and the biggest operating 
budgets could ever provide alone. Where 
we find such men ready-made, so to 
speak, we are indeed fortunate. But if 
we are interested in the continued edu- 
cation of our engineers, it would seem 
we have a basic responsibility to insure 
the continued development of their 
bosses. 


Increasing Opportunities 


So it’s encouraging to learn, as I have 
from so many companies during prepara- 
tion of these comments, about increasing 
educational opportunities specifically for 
engineering management men. U. S. 
Steel’s 41-week Engineering Management 
Development Program is a good example 


of a thoughtfully formulated, company- 


operated plan. Boeing Airplane Com- 
pany’s program, aimed at “improving 
managerial and administrative skills of 
engineering managers,” includes such 
things as university-sponsored study in 
advanced management and Sloan Fellow- 
ships covering a full year of work at 
M.LT. and Stanford. 

My own company offers opportunities 
for management study at Northwestern 
University’s Institute for Management, a 
full-time, on-campus summer session, and 
in the University of Chicago’s Executive 
Program, a two-year schedule of night 
classes which can lead to a master’s de- 
gree in business administration. We are 
selecting engineering management men— 
along with those from other departments 
-for both of these programs. And I 
think it is interesting that more than 20% 
of the 75 students from 54 different firms 
currently participating in the latter pro- 
gram are engineers or research people. 
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This education for engineering man- 
agement has another facet which we 
should not overlook. If engineers are 
to have the kind of goals in industry that 
will sharpen their appetities for self- 
development, the higher executive posi- 
tions must be open to them as they are 
to the manufacturing man and the sales- 
man. Some people feel there is cause 
for concern today in the fact that, with 
international affairs turning more and 
more on technological development, too 
few of those high in our government have 
a technical background. Failure to face 
the facts of our time can result in a 
similar situation in industry. 

So, again, it is encouraging to hear 
from such companies as American Tele- 
phone and Telegraph that “engineers in 
our business are considered along with 
men having other backgrounds for our 
management development programs and 
for outside university executive programs 
dealing with the principles, practices and 
skills of management.” Such attitudes as 
this in industry are designed to help 
bridge the gap between the humanities 
and the sciences which G.E.’s Mr. Paige 
calls “the gap between the engineering 
profession and the rest of the American 
public.” 

My own company’s Special Manage- 
ment Trainee course, which has counter- 
parts in a number of firms, is another 
example of activity in this area. Our 
fourth group of SMT’s, which this month 
is about to complete the three-year 
course, is composed of 25 men from 
every major division of the Company. 
And eleven of them are either engineers 
or research people. Aimed at men al- 
ready filling important positions with the 
Company and at those who have shown 
evidence of potential for promotion to 
such positions, SMT is basically on-the- 
job training, supplemented each year 
with two weeks of centralized classroom 
work on such subjects as business man- 
agement, economics, company organiza- 
tion, policies and functions, etc. Special 
assignments, job rotation, college courses 
self-development round out the 
SMT’s course of study. At its conclu- 
sion, the executive head of each operat- 
ing and staff unit reviews and reports 
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annually to an SMT policy committee on 
the progress and current status of gradu- 
ates. 


Not Only Administrators 
But what about the engineer who 


wants advancement but who is not in-- 


terested in setting his sights on the ad- 
ministrative goalsP Like the dedicated 
researcher in academic life who has no 
designs on the dean’s job, there are many 
engineers who are repelled by the 
thought of being manager of the depart- 
ment. 

Monsanto Chemical Company, for one, 
offers what it calls a Senior Scientist and 
Technologist program. This makes it 
possible for any engineer to advance to 
a position of Senior Technologist and 
receive as much in salary for his tech- 
nical ability as do others of equivalent 
skill and experience for administrative 
responsibilities. Likewise, General Elec- 
tric’s Engineering and Science program 
carefully points out two career paths for 
engineers: the path of management and 
the path of continued close alliance with 
technical work. 

Though I could not begin, here, to 
present more than a fraction of the evi- 
dence, there is reason to believe that in- 
dustry is aware of a great need to create 
the kind of atmosphere which will stim- 
ulate engineers to greater efforts in self- 
development. 

We have been talking about a vital— 
though somewhat indirect—aspect of con- 
tinued education for engineers. And 
while we have found a very measurable 
amount of industry activity, it would 
seem to represent only a small portion 
of the total effort expended for the de- 
velopment of engineers. Of sixteen firms 
we queried, only three failed to send evi- 
dence of specific advanced learning op- 
portunities of a technical nature for en- 
gineers. One of the three employed 
few engineers, one said its program was 
up for review and possible alteration and 
the third reported some activity but no 
“formal” program. 

Two of the firms questioned appear 
to rely almost entirely on outside educa- 
tional institutions while three seem to 
concentrate most of their activity in com- 
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pany-centered programs. But the maja. 
ity use a combination of the two ap. 
proaches. While there was great variety 
in the thirteen detailed responses to oy 
questioning, it would seem that tuitio, 
refund programs in cooperation with cdl. 


leges and universities compose one com. | 
mon denominator among them. I think | 


we must conclude that, in general, this 
plan has been widely tested and found 
ef'zctive. Though some firms tend to be 


more or less liberal, 100% refund upo | 
successful completion of a course is | 


widely accepted practice. In addition, 


Boeing, for example, provides supple. | 


mental payment of $20 per quarter how — 
or $30 per semester hour (assuming sat- _ 


isfactory grades) for courses in pursuit 
of advanced engineering degrees. 


My own company is now in its fourth © 
year of experience with such a plan and | 


while I do not offer it as typical, I do 
believe it indicates that the tuition re. 
fund idea has been accepted rather wel 
by engineers in particular. In its first 
three years of operation, our plan at- 
tracted an average of 654 students per 
year. And of that number each year, 
nearly a third were from our engineering 
and research departments. When you 
consider that these departments repre- 


sent only about 6% of our total manufac. © 


turing and raw materials employment, 
that one-third becomes quite a meaning- 
ful figure. As many as 7% of our total 
engineering employees have participated 
in the program in a given year compared 
with the best company-wide per cent of 
1.5. Engineers have also consistently 
accounted for more than one-third of the 
number of tuition refund people working 
on degrees. 

Tuition refund’s emphasis on individ 
ual responsibility seems to make it attrac- 
tive to the companies as well as to the en- 
gineers. Time and again, in the indus- 
trial program literature we have seen, 


this disposition to make the engineer re- _ 
sponsible for his own attainment is — 


echoed and reechoed. 
DuPont, for example, makes it the key- 
stone of its entire plan. This firm’s pol- 


icy “is based on the philosophy that each 


person is an individual with his own 
problems, needs and abilities; that his de- 
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velopment is continuous and that he 
must accept his share of responsibility 
for it. His department, through its su- 
pervision, must supply the guidance, 
stimulation and opportunity through job 
assignment, supplemented with both 
general and technical formal training 
courses. ” As a result, duPont believes, 
an engineer's development need not fall 
into standard programs and patterns. 
Such a policy makes training more diffi- 


cult and requires more supervisory time, 


thefirm admits. “But engineering depart- 
ment management believes it yields bet- 
ter results.” 

In close and frequent consultation with 
supervisors, young duPont engineers map 
their own professional development plans 
on the basis of their first five years, five 
to ten years and ten years to retirement. 
The plan is organized under eight dif- 
ferent headings: professional experience, 
field of interest, professional conscious- 
ness, cultural awareness, community re- 
sponsibility, health, avocational interests 
and spiritual depth. As a footnote, you 
may be interested to know that duPont 
makes use of ECPD publications for fur- 
ther reading. 

Monsanto depends heavily on a some- 
what similar approach. Its Performance 
Review program is the focal point in its 
development of engineers. It “provides 
for an annual appraisal of the engineer's 
performance made by his superior and 
shared with him in a follow-up inter- 
view.” A position description and bench 
marks set in advance by engineer and 
supervisor in collaboration form the back- 
ground for the appraisal. 

“As a part of the very frank discussion 
that occurs during the interview,” Mon- 
santo says, “plans are made for the en- 
gineer’s development activities in the 
years ahead.” Plans include special edu- 
cational activities, job diversification, and 
individual coaching. Monsanto looks on 
this program as educational in itself—for 
both the engineer and his boss. 

Judging from the number of firms 
which also use this approach in some 
form, it would seem that individual per- 
formance appraisal holds a position of 
importance in the continued education of 
engineers. 
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Breadth Too 


In any consideration of recent techno- 
logical progress, acceleration is one prob- 
lem, mass is another. Industry's engi- 
neering and research effort is also grow- 
ing in size and complexity. Engineer 
development concepts we've just been 
talking about aim to keep engineers from 
getting lost in the organization, buried 
in some corner where they are almost 
certain to lose interest and motivation. 
As the organization grows, there is some 
tendency to pigeonhole the engineer, to 
“specialize” him without proper evalua- 
tion of his interest and ability. As a part 
of his continued education and develop- 
ment, it only makes sense to give him a 
broad sampling of the organization’s total 
effort. 

A growing number of firms have 
adopted a practice of rotating job assign- 
ments as a part of their programs. Good- 
year’s so-called squadron training pro- 
gram is an example and they have a 
similar 18-month plan in research and 
development. Commonwealth Edison 
puts newly hired engineering graduates 
through a year of rotating job assign- 
ments. The Motor Truck Division of 
my own company has an 18-month pro- 
gram of this kind. 

Along this line, Boeing, in 1957, be- 
gan offering a two-year internship to 
newly hired graduate engineers. No one 
had to take it; in fact, it had to be ap- 
plied for. Each man was told he could 
spend no more than eight months on 
any one kind of engineering job. On- 
the-job training was supplemented by 
lectures two hours a month. The pro- 
gram was originated by George C. Mar- 
tin, a Boeing vice president, who believes 
“the best talents of young engineers are, 
like gold, worth a good deal of digging 
to uncover.” He also believes engineers 
should be capable of varied work. 

Boeing found that most of the first 
group of interns were amazingly adapt- 
able, doing almost equally well on every 
assignment. Another significant number 
seemed to shine brightest on one or two 
jobs, making it fairly obvious that the 
program is valuable for placement as 
well as for training. To begin with, the 
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company accepted only 25 engineers a 
year as interns. It now has a waiting 
list of 600 eligible applicants and is plan- 
ning to expand the program. 

I will not attempt to list-even from 
the small sampling we have taken for this 


paper—all the plans industry is currently . 


offering for the continued education of 
engineers. But I would like to discuss 
three of them very briefly as examples 
of (1) oustanding company-centered ap- 
proach, (2) an unusual leave-of-absence- 
for-study idea, and (3) a unique blend 
of the first two. 

Western Electric’s Graduate Engineer- 
ing Training Program is a full-time, off- 
the-job, all-expenses-paid tour designed 
for all engineers, both new and experi- 
enced. It is offered at three company 
training centers and its faculty is made 
up of qualified WE engineers, college 
professors and professional consultants. 
For the new engineer the program is 
aimed at smoothing the transition from 
academic life and at bringing him rap- 
idly to the point of full productivity. 
For all engineers, it purports to expand 
knowledge and skills, stimulate creativity 
and broaden understanding of the com- 
pany. 

After his first six weeks on the job, a 
new engineer goes to one of the training 
centers for nine weeks of technical study 
related to the manufacture and installa- 
tion of electrical equipment by the com- 
pany. After six months more on the job, 
he takes another nine weeks at the cen- 
ter for courses more specific in nature 
which provide increased depth in a 
range of technical subjects essential to 
his work. 

The program’s third phase is advanced 
development and is designed for experi- 
enced engineers, including those who 
have finished the first two phases. It 
covers a variety of four-week courses on 
fundamental and theoretical subjects and 
is set up to continue the engineer’s de- 
velopment throughout his career. West- 
ern Electric says some 4,500 of its engi- 
ners have participated in some part of 
the plan in the three years it has been 
in operation. 

For an unusual leave-of-absence idea, 
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we saw nothing in our small survey quite 
like Monsanto’s plan. Though it is quite 
limited in application, it certainly under. 
scores industry’s newly acquired aware. 
ness of the importance of continued edu. 
cation for engineers. 
santo picks two engineers for a full year 
of graduate study in fields of their own 
choice, at any recognized university, 


During that year, their full salaries cop. | 
tuition; 


tinue and Monsanto pays for all tuition, 
books and fees, plus a “modest” reloca. 
tion allowance. “It goes without say. 
ing,” Monsanto says, “that this is a 


much-sought-after prize among our tech. | 


nical people.” 


Then there is the third example that _ 
I wanted to mention which, in a way, — 


combines some aspects of the other two, 
I know many of you have read about the 
New York University Graduate Center 
at Bell Laboratories.1 Started three 
years ago, this fascinating experiment in 
graduate engineering education sets up 
an arm of a degree-granting university 
graduate school right on company prop- 
erty. Thus Bell engineers can get full 
tuition refunded for study toward a grad- 
uate degree and time off from work to 
attend classes with no reduction in salary. 

The program evolved from Bell’s de- 


sire “to impart a common body of basic | 
cont 


knowledge to its young college engineer. 
ing recruits.” After trying other meth- 
ods, it was decided that a university- 
administered graduate school right at the 
laboratories might provide the best an- 
swer in the combined interests of the stu- 
dents, the university and the company, 
itself. A year ago this month, as you 


probably know, degrees were conferred — 


on the first 95 successful candidates to 
emerge from the Center. Without at- 
tempting an evaluation of the plan, as 
NYU’s Professor Shamis did very ably in 
his ASEE paper last year, we must ob- 
serve that this stands as a notably sig- 
nificant project in industry’s effort to con- 
tinue the education of its engineers. 


1 Sidney S. Shamis, “The New York Uni- 
versity Graduate Center at Bell Labora 
tories,” JouURNAL OF ENGINEERING EpvuCA- 
TIoN, Vol. 50, No. 7 (March, 1960), pp. 
587-590. 
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No Pampering 


Out of all the variety of programs and 
plans which we have scanned in recent 
days, I believe one fact emerges which 
needs emphasis. I am impressed that 
none of these are pampering activities 
staged by benevolent and paternalistic 
employers. And I don’t think they 
should be. Industry is offering to refund 


tuition; but the student must pass his 
| course to get it. Industry is offering op- 


portunity; but the offer has to be ac- 
cepted and acted upon. Industry is try- 
ing to create climate conducive to con- 
tinued education; but it remains for the 


_ engineer to respond. 


So these are not something-for-nothing 


programs. You can’t spoon-feed curiosity 
rbout the | 


into a man or pamper him into creativity. 
But if you can get him to stretch his brain, 
to reach far out beyond the farthest point 
to which his intellect has ever taken him, 
he is likely to come back with an idea. 
I believe most of these plans and pro- 
grams are aimed at keeping engineers in 
condition for—if not luring them into— 
such cerebral gymnastics. This is our 
main hope in the new competition of 
ideas in which industry finds itself. 

I doubt that any one of us in industry 
would claim he has the perfect answer 
for continued engineering education. Al- 
most anything we’re now doing may be 


a fresh start. 

Perhaps, like General Electric in its 
so-called Creative Engineering program, 
industry should seek more directly to de- 
velop “deliberate inventiveness.” Per- 
haps we should look again at our evalua- 
tion of individual creativity in perspec- 
tive with team work and group effort to 
see if our emphasis may be faulty. 

And it’s possible that along with the 
technical training opportunities we are 
offering, we should be doing more to 
urge continuation of the engineer’s non- 
technical education. We are hearing 
more and more about changes in under- 
graduate engineering curricula to admit 
a larger serving of the humanities. In 
fact, industry, itself, is recommending 
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this change, according to a recent survey 
conducted by the Farm Equipment Insti- 
tute. What is industry’s responsibility in 
the effort to jump the gap we have noted 
between the engineering profession and 
the rest of the American public? 

Or perhaps we need a little more of 
the kind of climate that is apparently 
producing so many new ideas (as well 
as new profits) for the Aerojet-General 
Corporation. According to a recent ar- 
ticle in Business Week, the entire organ- 
izational structure of this unorthodox firm 
is designed not only to turn up new ideas 
but to give its engineers and scientists 
free rein both to develop and exploit 
them. Aerojet’s method has produced 
eminently good results in defense indus- 
try where highly complex technology has 
made an acute problem of the integra- 
tion of technical and scientific personnel 
into business organizations. The idea 
may never be widely accepted elsewhere 
in industry, but technological progress 
may be pushing many firms closer to 
some variation on the theme. 

But whatever we do, should we not 
speak out more boldly for new ideas as 
opposed to new products? Not that we 
would minimize the importance of prod- 
ucts in our economy but that we would 
supply a stronger voice for ideas. Our 
brief industrial history has already estab- 
lished a high mortality rate for products. 
And it will only continue to rise in the 
future. Technology will see to that. But 
ideas can be timeless. A small case in 
point: Harvester researchers are currently 
working with a hydrostatic transmission. 
As applied to farm tractors, it’s new 
enough that when we announced we 
were working with it, both the trade and 
popular press took considerable note. 
And yet, as we pointed out to them, 
basic theories for the transmission have 
been known for at least 30 years. And 
some of the physical principles involved 
go back to Archimedes. 

The key word, of course, is still com- 
petition, But increasingly, it’s competi- 
tion of ideas. Or—if you will—a com- 
petition for the men who can generate 
them. 
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Survey of First Degree Courses more 0 
in Mechanical Engineering (a) Se 
e 
JOHN F. D. WOOD 
Assoc. Professor of Mechanical Engg. m: 
The University of New South Wales (c) Pe 
Sydney, N.S.W., Australia an 
During 1958 the writer visited a num- _particular fields is tested by the examina. | : 
ber of university engineering schools and __ tions which form a part of all selection | (ii 
colleges of technology in the United procedures where these exist. 
Kingdom, on the Continent of Europe, Although it is obviously impossible to 
and in North America in order to study make an accurate comparison of entrance — 
their mechanical engineering courses. standards, it appears that there are three — 
In what follows, an attempt will be distinct levels—A, B, and C—correspond. — 
made to compare and comment on en- __ ing respectively to average secondary. © 
trance standards, length and content of school leaving ages of 16-17, 17-18, and © Co 
courses, types of course, and industrial 18-20. 
training requirements, in these institu- The A level applies only to junior England: 
tions and in some of the Australian uni- — matriculation at some Canadian univer | scotland 
versities. sities. 
Information has been obtained by The B level applies to the other Cana. 
means of verbal and written enquiries, dian universities, all the U.S. universities | France 
and from university calendars and hand- _listed, all Australian universities, the Scot- 
books, some of which have not proved tish universities and those in Italy. Switzerla 
at all easy to interpret. Although there The C level applies to all English and 
will no doubt be some minor errors, it is Welsh universities and to the remaining Tetene 
hoped that no serious inaccuracies will | Continental institutions. Ttaly 
appear in the text or in the tables. Most When comparing the total hours of | ~ 


of the figures quoted apply to the 1958 _ class attendance in the different courses 
academic year for Australia and to the _ in a later section, the difference in en | S;ae 


1957/8 session for other areas. trance standards will be allowed for by 
regarding the B level as normal, by add- | West Ge: 
Entrance Standards ing 400 hours to the totals for courses in 


All of the institutions listed have cer- | Group C and subtracting 400 hours from | Canada 
tain minimum standards for entry to the totals for courses in Group A. 
their professional mechanical engineering Only three of the institutions listed 
courses, but in many cases these are rela- require industrial training as a pre-requi- 
tively unimportant, because competition site for entry to mechanical engineering 
for a limited number of places means courses—The Technical Universities at | America 
that in fact students have to reach a con- Aachen, Trondheim, and Zurich. 
siderably higher standard in order to Selective entry is the rule at all un- 
gain admission. The minimum standards __ versities in the United Kingdom and in 
referred to are usually intended to ensure —_ some of the Continental and North Amer- 
that a student entering a degree course __ ican institutions. Up to the present all — 
should have received a reasonably good _ Australian university engineering schools — 
general education, though some do re- accept any matriculated student who ap- — 
quire would-be engineering students to _ plies for enrolment. Where there is — 
have achieved a certain definite standard § competition for a limited number o Australia 
in mathematics and physics. Generally, places, the methods of selection vary t0 © ——— 
however, a student’s achievement in these some extent from institution to institv- +n 
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tion, but usually take into account one or 
more of the following: 


(a) Secondary school record as evi- 
denced, for example, by ranking in 
the final year at high school. 

(b) Report of secondary school head- 
master. 

(c) Performance in school leaving ex- 
aminations set by: 


(i) local education authority; 
(ii) national education authority; 
(iii) universities or groups of uni- 
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(d) Performance in university entrance 
examinations set by: 
(i) individual universities or col- 
leges; 
(ii) testing organisations such as 
Education Testing Services of 
Princeton. 


(e) Result of a personal interview. 


Table 1 shows the average age of en- 
try, the level at entry relative to Group 
B institutions, whether selection is prac- 
tised, and the pre-requisite industrial 


versities. training requirements. 
TaBLE 1 
ENTRANCE REQUIREMENTS 
Average Age | Relative Level _ 
England and Wales All 18-19 +1 Selective — 
Scotland All 17-18 Selective 
Denmark Technical University 18-20 +1 Selective — 
Copenhagen 
France L’Ecole Centrale des Arts 20 +2 Selective _ 
et Manufactures Paris 
Switzerland Lausanne 19 +1 Non-Selective _ 
Zurich 19 +1 Non-Selective 6 months 
Holland Technical Universities 17-19 +1 Non-Selective — 
Delft and Eindhoven 
Italy All 19 Non-Selective 
Norway Technical University 19-20 +1 Selective 200 days 
Trondheim 
Sweden Technical Universities 20-21 +1 Selective — 
Gothenburg & Stockholm 
West Germany fogs University 19 +1 Non-Selective 3 months 
Canada McGill, Montreal 16-17 -1 Non-Selective a 
Queens, Kingston 17-18 Selective 
Toronto 17-18 Selective 
British Columbia 16-17 -1 Non-Selective _ 
United States of Carnegie Tech. 18 _ Selective _ 
America 
Cooper Union 18 _ Selective _ 
Cornell 18 Selective 
Illinois 18 Selective* 
M.LT. 18 Selective 
Pennsylvania 18 _ Selective — 
Pittsburgh 18 Selective 
Purdue 18 Selectivet 
Australia All 17-18 - Non-Selective _ 


* Selection applies only to students from outside the State of Illinois. 
t Selection applies only to students from outside the State of 


Note: Figures for average age of entry are mostly taken from 
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The engineering school which prob- 
ably has the highest entrance standard 
of all is L’Ecole Centrale des Arts et 
Manufactures in Paris. It has a competi- 
tive entrance examination comprising 
eleven written and seven oral tests cover- 
ing mathematics, 
chemistry, mechanical drawing, architec- 
tural drawing, French composition, and 
a modern language other than French. 

The standard is such that students who 
have completed the normal French uni- 
versity matriculation requirements gen- 
erally need to spend two further years in 
preparation for it. Even then, only about 
1 candidate in 9 is successful. It is 
claimed that French engineering schools 
of this type have an overall failure rate 
of only 1 or 2% compared with figures of 
10 to 50% in other parts of Europe. No 
doubt this is due to the relative shortness 
of the course (3 years) and the extreme 
severity of the entrance examination. 

While none of the institutions practis- 
ing selective entry showed any inclina- 
tion to abandon this practice, a number 
of them seemed to be dissatisfied with the 
results of the selection methods they 
were using. Both in the United King- 
dom and the U.S.A. engineering schools 
of high standing receive ten times as 
many applications as they have vacant 
places and most students apply to a 
number of different institutions. The re- 
sulting waste of time in dealing with 
overlapping applications must be consid- 
erable and the performance of selected 
students is often far from satisfactory. At 
Imperial College, London, for example, 
it was stated that it was not unusual for 
25% of students to fail their first year, 
in spite of the fact that the 260 first-year 
engineering students were selected from 
about ten times that number of applicants. 

In the Australian engineering schools, 
where selective entry is not practised, 
the overall failure rate (in 4- or 5-year 
courses) is estimated to be about 45%. 
With such a system, it is clear that a large 
number of students who lack the ability 
to complete a course of professional engi- 
neering training enter the engineering 
schools and overload the facilities pro- 
vided. 

On the other hand a recent investiga- 
tion by the author into the entrance 
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qualifications of mechanical engineering 
graduates from the University of New 
South Wales between 1952 and 1959 
showed that, if selection methods of the 
English type had been used, an appreci- 
able number of men who secured their 
Bachelor of Engineering degrees with — 
First or Second Class Honours, would | 
have been prevented from entering the 
University. 

There is good reason to believe that, 
provided a student has reasonable ability, 
the major factor contributing to success 
in a university engineering course is en. 
thusiasm for the course being studied, | 
This enthusiasm for study seems in 9 
many cases to develop after the student — 
has entered the university, that selection 
at the end of the first year appears much © 
more likely to produce the right results — 
than selection at entry. 

Another factor which renders unreli- 
able selection at entry is the marked 
variation which usually exists in the 
standard of preparation in secondary 
schools of different types. Selection 
based on first-year university results at 
least has the advantage that the students 
not only sit for common examinations, 
but are prepared for them in similar 
classes working under similar conditions. 
In addition, the examinations are usually _ 
set and marked by people who have been ~ 
directly involved in providing the in — 
struction. 
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The length of first degree courses — 
varies from country to country and in © 
some cases there is even a variation in — 
the one country. Of the courses investi- 
gated, the shortest in terms of both hours — 
and years is the “Fast” Honours Course 
at Cambridge which requires about 1100 
hours of class attendance spread over two 
normal academic years plus part of the 
long vacation. The longest is the 5-year 
course at the Politecnico di Torino (Tech- 


nical University of Turin) which requires | 


almost 5000 hours of class attendance. © 
The course at the Danish Technical Uni- 
versity at Copenhagen requires a mit- 
imum attendance of 5% years, but one 
full year is devoted entirely to instruc 
tion in workshop technology followed by 
practical experience in industry. 
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As indicated in the previous section 
there are considerable differences in the 
standards of entry to first degree courses 
in engineering, but these are not entirely 
responsible for the differences in the 
length of courses. 

While it is impossible to make exact 
comparisons of standards, it is probably 
fair to say that first degree courses in 
the United Kingdom, Australia, and the 
better universities of North America, 
reach approximately the same _ level. 
First degree courses in most Continental 
universities reach a standard approach- 
ing that of the Master’s degree in United 
Kingdom, North American, and Austral- 
ian universities. 

It is, of course, impossible to assess the 
standard of a course solely on the basis 
of the total class hours included in it. 
Even if due allowance is made for dif- 
fering entrance standards, there are many 
other factors which cannot be assessed in 
terms of hours. For instance in consider- 
ing courses at Oxford and Cambridge, it 
is impossible to assess in terms of hours 
the effect of the tutorial system which is 
a special feature of these universities. 
The distribution of total hours between 
the different subjects and groups of sub- 
jects does, however, give a useful indica- 
tion of the relative importance attached 
to them by the institution concerned. 

Tables 2A, 2B, 2C, 2D, and 2E give 
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_ hours of class attendance prescribed for 
_ the different subjects included in first de- 


gree courses in mechanical engineering 
in a number of different countries. The 
subjects are divided into four groups and 
the percentage of the total hours allo- 
cated to each of these groups is shown. 

The groups and the individual subjects 
included in them are as follows: 


Basic Science: 


Mathematics; Physics; Chemistry 
(including Engineering Chemis- 
try or Metallurgy) ; Geology 


Engineering Science: 
Surveying 
Theory of Structures, Strength & 
Properties of Materials, Statics 
Theory of Machines, Dynamics 
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Fluid Mechanics 
Thermodynamics and Heat Engines 
Electrical Engineering 


Engineering Applications: 

Mechanical or Workshop Technol- 
ogy . 

Engineering Drawing and Mechan- 
ical Design 

Miscellaneous Engineering (includ- 
ing Professional Electives, Sem- 
inars, Thesis Work) 


Non-Technical: 


Humanities 
Management Subjects 


For purposes of comparison four areas 
may be considered: 


North America 

The United Kingdom 
The Continent of Europe 
Australia 


On the average, the United Kingdom 
courses are the shortest and the Conti- 
nental the longest, with courses in Aus- 
tralia and North America of very much 
the same length. 

Within each area there are wide varia- 
tions in total hours and in the hours al- 
located to each group of subjects. Table 
3 shows, for each area, the range of 
hours and the average hours allotted to 
each section, together with the corre- 
sponding totals. Table 4 shows in addi- 
tion the percentage of the total hours 
allocated to each section. 

The following features of Tables 2A, 
2B, 2C, 2D, and 2E appear worthy of 
comment: 


(a) The most usual length for courses 
in the four areas considered is: 
United Kingdom 3 years, Conti- 
nent of Europe 4% years, North 
America and Australia each 4 
years. 

In the United Kingdom and Aus- 
tralia it is quite common to have 
different courses for Pass and 
Honours degrees while this does 
not occur in Continental and 
North American institutions. 
The absence of the subject, phys- 
ics, from almost all English and 
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Welsh courses. This is partly ex- 
plained by the fact that students 
entering these courses are re- 
quired to have reached at school 
a standard in physics which is at 
least equivalent to that of the first 
year of American and Australian 
university courses. There is also 
a tendeney for material, which 
elsewhere would be included in 
physics courses, to be included in 
one or the other of the engineer- 
ing science subjects. 

(d) The comparatively small total 
hours provided for basic science 
in English and Welsh courses due 
to the higher entrance standards 
required in all these subjects. 
The comparatively small time al- 
lowances for all subjects and par- 
ticularly mathematics and chem- 
istry in the Cambridge courses. 
These low figures are due to the 
fact that tutorial work is arranged 
by the individual colleges and 
that no specific time allowance 
is provided for it. The figures 
shown cover lectures and labora- 
tory work only. 

(f) The inclusion of geology in only 
two courses—those at the Politec- 
nico di Torino and the University 

: of Queensland. 


(e) 
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(g) The inclusion of surveying in 
less than one-third of the courses 
listed. 

The absence of workshop tech- 
nology or mechanical technology 
from almost half of the United 
Kingdom courses. 

The extraordinarily generous pro- 
visions of time for electrical engi- 
neering and fluid mechanics at 
Lausanne—about five times the 
average for all other courses in 
electrical engineering, and about 
four times the average for all 
other courses in fluid mechanics. 
The marked variation in the time 
provided for engineering drawing 
and mechanical design—from 105 
hours at Cooper Union and 120 
hours in the honours course at 
Sheffield to 956 hours at Trond- 
heim and 960 hours at Lausanne. 


(h) 


(i) 


(i) 


Table 3 shows that in all four areas 
there is a very wide variation in the total 
hours included in courses. The variation 
in the hours allocated to each of the four 
sections of the course is, however, wider 
still. 

Taking the average of the total hours 
for each area, it will be seen that the 
Continental average is 102% greater than 
that for the United Kingdom, while the 


TABLE 3 


Summary or DistRIBUTION oF Hours (RANGES AND AVERAGES) 


Basi Engi i Engi i Non-Technical 
Seience “feience | Applications | Subjects Total 
Area 
Range | Average| Range | Average} Range | Average} Range | Average| Range | Average 
680 360 420 180 2,110 
North America to 830 to 1,000 to 700 to 360 to 2,890 
1,090 1,580 1,400 640 3,560 
on 460 580 120 0 1,490 
| United Kingdom to 670 to 940 to 440 to 50 to | 2,100 
E 940 1,470 760 150 2,560 
: 830 1,210 890 0 3,410 
Continent of Europe | to 1,200 to 1,530 to 1,430 to 90 to | 4,250 
; 1,800 2,820 2,070 250 5,350 
690 720 650 0 2,370 
Australia to 840] to | 1,100] to 890 | to 60 to | 2,890 


Vol. 
“ 
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TABLE 4 tendan 

Summary oF DistrR1BuTION oF AVERAGE Hours (PERCENTAGES) over a 

Area Hours % Hours % Hours % Hours % Hours| 4% Australia 
North America 830 | 28.7 | 1,000 | 34.6 700 | 24.2 | 360 12.5 | 2,890 rt ode 
United Kingdom 670 | 31.9 940 | 44.8 440 | 20.9 50 2.4 | 2,100 “Tow of Nev 
— ine 
Continent of Europe 1,200 | 28.2 | 1,530 | 36.0 | 1,430 | 33.7 90 2.1 | 4,250 | 100) on 
Australia 840 | 29.1 | 1,100 | 38.0 890 | 30.8 60 2.1 | 2,890 hours 
years. 

Note: In Tables 3 and 4 the times shown for basic science have been adjusted so as to take accow Tabl 
of differences in entrance standard between courses in Groups A, B, and C. . oa 
distributi 
average for both North America and have some advantage in total hours ove “ SU 
Australia is 38% greater. United Kingdom courses. The fome “™° 
The average time allocated to both tend to use this extra time for non-ted. °@" ®™ 
basic science and engineering science nical subjects, while the latter devote} hours ax 
is considerably greater in Continental to engineering applications. oo 
courses than in any of the other areas, iby the ” 
but the difference is even more marked — Types of Course j consider 
when it comes to engineering applica- The great majority of courses lise — 
tions. Here the Continental average is are full-time courses requiring betweal sort time 
more than three times that for the United — 99 and 30 hours per week of class i P A thi 
Kingdom. t 
endance for from 24 to 32 weeks py ; P 
On the other hand, the allowance for year my is = 
non-technical subjects is very much 
In the United Kingdom and Australi avai 


greater in North America than in any of 
the other three areas. 

Consideration of Table 4 shows that 
there is very little difference among the 
four areas in the percentage of the total 
time allocated to basic science, though 
the United Kingdom figure is somewhat 
higher than the other three. In engi- 
neering science the United Kingdom per- 
centage is considerably greater than the 
other three, while in engineering applica- 
tions, on the other hand, it is definitely 
the lowest of the four. North American 
courses allocate on the average 12.5% 
of the total time to non-technical sub- 
jects, while in each of the other three 
areas the corresponding figure is little 
more than 2%. 

To summarise, it might be said that 
United Kingdom courses are generally 
the shortest in total hours and tend to 
emphasize engineering science at the ex- 
pense of engineering applications. Con- 
tinental courses having a much greater 
time allowance are able to include a very 
thorough treatment of both engineering 
science and engineering applications. 
North American and Australian courses 


the academic year is usually divided ith} jon. in 


3 terms of from 8 to 11 weeks each, whik 
on the Continent and in North Ameral 
the usual arrangement is to have 2 
mesters of from 12 to 16 weeks each. ~ 


courses at the professional level open 
on a full-time basis, but in the othe 
three areas engineering degrees may by} 
obtained by part-time study. The fil} 
lowing are examples of this type of 
course: 


United Kingdom: 


tralia is 
course. 


periods 


‘sity with 
On the Continent all engineering The leng 
stitution 


A number of Colleges of Technolog} 
operate part-time courses leading | ——— 
the External B.Sc.(Eng.) degree of “ited K 


London University. One of these i —. 
the part-time course at the Royal Tech- 
nical College, Salford, which requitt) ~ 
attendance for 9-10 hours per wel 
over a period of 6 years. 5 New Y 
North America: Australia 
Univers 


A typical part-time course is that led) South 1 
ing to the B.M.E. degree at Coop 
Union, New York. It requires #) A—hov 


i 
ins 
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tendance for about 9 hours per week 
over a period of 8 years. 


Australia: 
The only institution operating part- 


= Ta time degree courses is the University 
2,100 | 19 of New South Wales. The mechanical 

—/ engineering course leading to the B.E. 
4,250 | 100) 


degree requires attendance for 10-12 
hours per week over a period of 7 
years. 


Table 5 shows the total hours and the 
distribution of hours between the differ- 
ent groups of subjects for the three part- 
‘time courses mentioned. In the Amer- 
ican and Australian courses the total 
~~, hours are appreciably less than in the 
corresponding full-time courses provided 
| by the same institutions. It is apparently 
‘considered that this reduction in class at- 
tendance is justified by the additional in- 
‘dustrial experience and maturity of the 
part-time students. 
A third type of degree course which 
2 weeks peti. relatively common in North America, 
non-existent on the Continent of Europe, 
and available in only one or two institu- 
tions in the United Kingdom and Aus- 
tralia is the sandwich or co-operative 
rth Ame “course. Courses of this type alternate 
have 2¢ ' periods of academic work at the univer- 
eks each, sity with periods of industrial training. 
engineeiiif® The length of each period varies from in- 


stitution to institution, the minimum be- 
n the othi 


divided inty 


each, whik) 
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ing usually one month and the maximum 
six months. 

In some cases the student is sponsored 
by a single employer and goes to him for 
all his industrial training periods; in 
others, the university may arrange for the 
student to go to a different employer for 
each period. . 

Sometimes the student is required to 
find an employer willing to sponsor him, 
but in other cases, the arrangement of 
suitable employment is the responsibility 
of the university. 

It is usual for the university to specify 
the type of employment appropriate to 
each period of industrial training and to 
require from each student a written re- 
port on the work done in each period. 
The employer is frequently asked to 
complete a report form covering the stu- 
dent’s work with his company. The de- 
gree of co-operation between the univer- 
sity and industry in arranging for indus- 
trial experience to fit in with academic 
training varies considerably from place 
to place, as does provision by the univer- 
sity for the supervision of its students 
during industrial training periods by 
members of the academic staff. 

Tables 6A and 6B give details of four 
co-operative or sandwich course arrange- 
ments—one in the United Kingdom, two 
in North America, and one in Australia. 

It is interesting to note that the great 
majority of the courses run by Colleges 


The fol : TABLE 5 
iis type of Summary or DistrisuTion oF Hours IN Part-Time Courses 
Basic Engg. Engg. | Non-Tech. 
Institution Award 
Technolog} Hrs. | % | Hrs. | % |Hrs.| % |Hrs.| % | Hrs. | % 
leading tj — 
degree of United Kingdom: 
Royal Tech. College | B.Sc. 6 +1 |A842 | 33.1] 1,547] 60.9] 153 | 6.0} — | — | 2,542) 100.0 
of these i Salford (Eng.) 
Royal Tech London 
ich require) — 
week. North America: 
The Cooper Union |B.M.E.| 8 — | 735) 33.1) 720) 32.5) 435 | 19.6 | 330 | 14.8) 2,220) 100.0 
New York 
Australia : 
| University of New | B.E. 7 — | 693 | 27.0| 1,033) 40.4) 652 | 25.5 | 7.1) 2,560) 100.0 
s that lead) South Wales 
at Coope! 


equires at 


A—hours adjusted to take account of higher entrance level. 


| Hours} 4% 
2,890 | 100) 
| 
av pe 
| 
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of Technology in England and Wales for 
the new Diploma of Technology award 
are 4 year courses of the sandwich type 
with alternating periods of between 5 
and 6 months at college and in industry. 
These courses are to be of the same 
standard as courses leading to the B.Sc. 
degree in university engineering schools, 
but they tend to place rather more em- 
phasis on engineering applications than 
on engineering science. They must also 
include a certain number of humanities 
subjects. 


‘Industrial Training in First 
Degree Courses 

There are marked differences of opin- 
ion about the value of industrial training 
periods for engineering students and con- 
sequently requirements vary, not only 
from country to country, but even be- 
tween universities in the one country. 

Table 7 gives a summary of the re- 
quirements in a number of countries. 

It will be noted that while all Aus- 
tralian universities and the majority of 
the Continental universities listed, re- 
quire industrial training during their de- 


TABLE 7 
INDUSTRIAL TRAINING REQUIREMENTS 


efore raining During 

Country University University Course 

urse 

Australia |Not required 3-15 months 

Canada Not required 6-9 months 

Denmark {Not required| 8} months practical work 
before entering university 
may count towards this 

France Not required bat definite period is speci- 

Germany 3 months 9 months 

Holland Not required 6 months 

Norway 200 days 100 days 

Sweden Not required 6 months 

Switzerland | x6 months x3 months 

United Not required} * Generally not required 

Kingdom 

US.A, Not required} Required only in coopera- 

tive (sandwich) courses 


Zurich only—Lausanne does not require in- 
ustrial training. 

*Cambridge requires 6 weeks and Glasgow (sand- 
vich course) 15 months. Some other universities re- 
ommend industrial training but do not require it. 
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gree course; this requirement is much 
less common in the United Kingdom and 
the U.S.A. In theUnited Kingdom there 
is a strong feeling that industrial training 
is better left until the student has gradu- 
ated. It is, therefore, still common prac- 
tice for the new graduate to take an ap- 
pointment asa graduate apprentice in a 
large company and spend a period of 
about two years gaining experience in 
various phases of its work. At the end 
of this period, if he holds an Honours de- 
gree, or has completed the Part III ex- 
aminations of the Institution of Mechan- 
ical Engineers, he will be qualified for 
Associate Membership of the Institution 
and is thenceforth regarded as a fully 
qualified professional engineer. 


Comments and Conclusions 


The average age of entry to first degree 
courses in engineering varies from as low 
as 16 years to as high as 21 years. There 
seems to be considerable merit in having 
a normal entrance age of about 18 years. 
Experience in Australia has shown that 
16 and 17 year old students frequently 
lack the maturity to cope adequately with 
a university course. Even the particu- 
larly able ones who can handle the aca- 
demic work required of them are often 
too immature at graduation to make an 
easy transition to professional positions 
in industry. If the extra year at second- 
ary school were used to provide a transi- 
tion between school and university meth- 
ods of study it would almost certainly 
result in a reduction of the unduly high 
first-year failure rates reported by so 
many institutions. 

In England and Wales the high en- 
trance standard and the keen competition 
for university places has led large num- 
bers of boys to stay on at secondary 
school until the age of 19. This appears 
to be rather a late age for transfer from 
school to university, though it is true 
that in the 6th forms of the better English 
grammar and public schools an attempt 
is made to prepare pupils for the transi- 
tion to tertiary education. An unfor- 
tunate feature of the British system is 
that for the last 2 or 3 years at secondary 
school a potential engineering student 
will concentrate almost all of his efforts 
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on 3 subjects—Pure Mathematics, Applied 
Mathematics and Physics or, perhaps, 
Combined Mathematics, Physics, and 
Chemistry. This means that his general 
education finishes at the age of 15 or 16, 
at which stage he is unlikely to be able 
to appreciate fully some of the general 
subjects he is taking. 

In many Continental countries the 
number of subjects taken right to the end 
of secondary school is considerable. In 
Sweden for example the final year in- 
cludes the following: 


Religion, Swedish, German, English, 
French, history and civics, geography, 
philosophy, mathematics, biology and 
hygiene, physics, chemistry, applied 
art, music, and physical training. 


No doubt the student entering a Swedish 
university has a very good general sec- 
ondary education, but it has taken him 
until the age of 20 or 21 to acquire it. 

American high schools also seem to 
aim at giving their pupils a good general 
secondary education, but, because of the 
shorter time available, this frequently re- 
sults in engineering students entering the 
university with a much less solid ground- 
ing in mathematics and physics than 
their opposite members in the United 
Kingdom, on the Continent and even in 
Australia. 

In these days the professional engi- 
neer cannot hold his own in public affairs 
with other professional men, unless he 
has a much sounder general education 
than has been the case in the past. Some 
of this can be given at the secondary 
school level, but there is no doubt that 
some of the most important humanities 
subjects can only be properly appreciated 
by more mature students. This means 
that room should be found for such sub- 
jects in engineering degree courses. 

Scarcity of staff and accommodation 
to cope with the ever increasing number 
of engineering students will make some 
system of restriction necessary even in 
those institutions which do not practice 
it at present. Existing methods of selec- 


tion which are based on pre-university 
performance are far from efficient and 
certainly exclude some first-class material 
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from university engineering schools, 4) 
though this would mean increasing fagj, 
ities for first-year students, it would seen 
much more logical to allow all matric. 
lated students to enter the university anj 
then base progression to the later yea, 
of the course on first year performane 
Methods used by many American wi. 
versities to exclude students who fail 
make satisfactory progress in later yean 
of their course might well be extende 
to other countries. 

With an average entrance age of If 
years, four years appears to be the mo 
reasonable length for first-degree courses. 


there is an obvious temptation to put 


more and more material into such courses’ 


This will inevitably lead to demani 
from the academic staff for 5-year course 
instead of 4, and later, no doubt, foré 
year courses in place of 5. 


If a proper selection of material i} 


made, 4 years should be sufficient for: 
first-degree course. Additional materil 
can then be included in postgraduate 
courses of a more specialised nature 
which should be available to the gradi- 
ate who finds that he must go further in 
a particular field in order to cope with 
the job which he wants to do when ke 
leaves the university. 

Longer first-degree courses would not 
be so bad if a reasonable proportion o 


students actually completed them in the} 


minimum time. On the Continent, how- 
ever, it is quite common for the average 
student to take 2 years more than the 
minimum time to gain his first degree. 
This applies particularly to those univer- 
sities like Aachen, Copenhagen, and Delf 


where students are allowed considerable} 


freedom in deciding when they will st 
for their examinations. If a Danish engi- 
neering student enters the Technical Uni- 
versity at Copenhagen at the average age 
of 19-20 he may expect to complete his 
course (5% years minimum) at the age 
of about 27. This is a rather late age 
to be starting work in one’s chosen pr 
fession, but under existing conditions his 
situation is even worse, as he has to com 
plete a period of 2 years compulsory 
military service after graduation. Ata 
time when practically every country 8 
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sifering from a shortage of professional 
engineers the seriousness of such delays 
in completing professional training is 
obvious. 

A reasonable allowance of total hours 
for a four year course appears to be from 
2800-3,000 according to the number of 
weeks of class attendance. 

Placing such a time limitation on the 
length of first-degree courses means that 
the basis of selection of material for in- 
cusion is of the greatest importance. 
Both in America and the United King- 
dom there appears to be a strong tend- 
ency to increase the time allocaton for 
engineering science subjects at the ex- 
pense of engineering applications. The 
argument in favour of this change is that, 
as we are training the engineers of the 
future, it is more important to ensure 
that they have a sound knowledge of 


.,,| fundamentals than a close acquaintance 
material js) 


with applications which may be obsolete 
within 5 or 10 years. This type of course 
will undoubtedly suit the student who ex- 
cels in mathematics and physics, but it 
may well fail to arouse the interest of the 
man with only average ability in these 
subjects. Some North American univer- 
sities are trying to solve this problem by 
offering engineering science options in 
their mechanical engineering courses or 
by offering separate courses leading to a 
degree in engineering physics. These 
options or separate courses are usually 
open only to those students who have 
excelled in the mathematics and physics 
of the earlier years. 

Another approach to the problem is 
that adopted by the University of Syd- 
ney, which allows students who have 


completed the first two years of the 


Bachelor of Engineering course with suf- 
ficient merit in mathematics and physics 
to spend their third year completing the 
requirements of the Bachelor of Science 
degree in either mathematics or physics. 
They may then return to the engineering 
school to take the 3rd and 4th years of 
their chosen B.E. course. 

In Continental and North American 
universities, it is the usual practice for 
al students aiming at a particular degree 
to take the same subjects. The award of 
Honours, where is exists, is dependent 
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on scoring sufficiently high marks in some 
or all of these subjects. On the other 
hand, many British and Australian uni- 
versities provide different programs, par- 
ticularly in the later years, for Honours 
and Pass students. With such an ar- 
rangement it is impossible for a student 
taking the Pass course to obtain his de- 
gree with Honours, no matter how high 
his marks. 

The variation in ability and applica- 
tion of students entering university engi- 
neering schools is so great that it seems 
only logical to provide courses at two 
levels at least in the later years. 

This will give the average student the 
opportunity of obtaining a thorough un- 
derstanding of a limited range of material, 
while extra work at a higher level is pro- 
vided to extend the very able student 
and thus retain his interest. 

Although many professional engineers 
are still being trained in part-time courses 
in both the United Kingdom and Aus- 
tralia, it is being gradually realised that 
this type of training is not only unduly 
hard on the student, but is also extremely 
inefficient. It is extremely difficult to 
obtain accurate information about failure 
rates, but from what is available, it would 
appear that they are 144 times or even 
twice as high as in corresponding full- 
time courses. The only advantages of 
part-time training, other than the finan- 
cial one, are that it gives the student 
concurrent industrial experience which 
may help him with his studies, and that 
it gives both student and employer a 
chance of finding out whether he is 
suited to engineering work. The gradu- 
ate who completes his course without 
having had any industrial experience is 
at a very considerable disadvantage when 
he goes to his first job after graduation, 
but this deficiency in experience is surely 
made up much more satisfactorily by 
having courses of the sandwich type. 

An arrangement which has worked 
particularly well at the University of New 
South Wales is for an employer to select 
engineering trainees or cadets at matric- 
ulation level and employ them full-time 
while they do the first two years of the 
part-time B.E. degree course. At the 
end of this period those cadets whose 
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performance both in industry and at the 
University has warranted it are trans- 
ferred to the second year of the full-time 
(sandwich) B.E. course and are paid by 
the employer while they complete the 
remaining three years for their degree. 
This arrangement gives the employer an 
opportunity of deciding whether it is 
worth investing the money required to 
put a particular cadet through the course 
on a full-time basis. It also provides an 
incentive for cadets who would prefer 
full-time to part-time study. 

To summarise what has gone before, 
the following suggestions are made re- 
garding first-degree courses in mechan- 
ical engineering: 


(a) The entrance standard for these 
courses should be such as can 
normally be reached by a student 
18 years of age who has com- 
pleted a 6-year course at second- 
ary school. The secondary course 
should provide the groundwork 
for a good general education, but 
should pay special attention to 
the mother tongue and to mathe- 
matics and physics. An attempt 
should be made in the last year 
or two at secondary school to pro- 
vide a transition from school to 
university methods of study. 

(b) All students who have reached 
the prescribed entrance standard 
can be admitted to the first year 
of their chosen degree course. 

(c) Where entry to the second year 
of degree courses has to be re- 
stricted, selection should be based 
on the student’s first-year per- 
formance. Some limit (probably 
two years) should be placed on 
the time allowed for any student 
to meet the requirements for pro- 
ceeding to the second year. Stu- 
dents failing to make satisfactory 
progress in later years of the 
course should be excluded from 
the course. 

(d) The course should be of 4-years 
duration with a total time allow- 
ance of 2800 to 3000 hours di- 


vided between the different s. 
tions in the following way: 


Basic Science 30%; Engines. 
ing Science 30%; Engineerin 
Applications 30%; Non-Ted. 
nical Subjects 10%. 


If there are enough students to wa. 
rant the provision of separate courses fy 
Pass and Honours, or of an engineerin 
science option, the percentages of toti 
hours allocated to basic science and eng. 
neering science in the Honours cour 
or the engineering science option shoul 


be increased above the figures previous)! 
quoted with a corresponding reductin 
in the allocation for engineering applic. 


tions. 


to recommend the co-operative « 
sandwich arrangement with alte. 
nate periods of 20 to 24 week 
devoted to academic study and in. 
dustrial experience. A compn- 
mise arrangement, which my 
well prove the most satisfactor 
of all, is to devote the whole ¢ 
the first year to academic work 
thus allowing the student mor 
time to make the difficult trans- 
tion from secondary school to wi- 
versity, to provide alternate pe 


riods of academic work and indu- 
trial experience in the 2nd ani 
3rd years, and to revert to a fil” 
year of academic work in the 4i| 


and final year of the course. 


The foregoing suggestions are made 
the assumption that a reasonable variety 
of postgraduate courses will be available 
for the more able students. 
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Not long after the 1960 Annual Meet- 
ing of ASEE our Division representative 
on the General Council of ASEE asked 
that a statement of the purpose of the 
Mechanics Division be forwarded to him 
for use by the Society. I am glad to 
respond to this request and would like to 
greet the members of the Society and of 
the Mechanics Division with this state- 
ment of purpose. 

Statement of Purpose. ASEE has been 
growing rapidly in membership and, like 
all big organizations, it must constantly 
re-examine its activities, including that of 
the divisions, in order to be certain that 
the Society is serving the purpose for 
which it was founded, namely, to serve 
engineering education. As engineering 
education develops so must the divisions 


develop. 


Newer Trends in Mechanics Division. 


_ The recent increase in numbers of cur- 


ticula in Engineering Mechanics, Engi- 
neering Science or Engineering Physics, 
in the United States has created the need 
for a forum for discussion of the problems 
connected with the development of these 
curricula. The Engineering Mechanics 


* Division Representative on the General 
Council. 


Chairman’s Message 


Division has assumed much of the re- 
sponsibility for providing for such discus- 
sions. These discussions have been lively 
and the large attendance proved that 
there is a lot of interest in these newer 
curricula. 

There is a growing need in the Society 
for increased emphasis upon what may 
be called semi-technical reports on recent 
developments in the subject matter that 
are or may be taught in undergraduate 
engineering. The Mechanics Division 
has been stepping up its efforts along 
these lines, too, in the recent Annual 
Meetings, with one session devoted to 
such papers at the 1960 Meeting. In 
order to put further emphasis upon sub- 
ject matter, as well as upon good teach- 
ing techniques, the Division has begun to 
make changes in the committee structure. 
We are now in the process of appointing 
three new committees. These are (1) 
Mechanics of Solid Deformable Bodies, 
(2) Mechanics of Fluids, and (3) Dy- 
namics of Rigid and Solid Deformable 
Bodies. The work of these committees 
should serve to enrich the Division pro- 
gram and to increase interest in the work 
of the Division. We hope that they will 
encourage experimentation with the teach- 
ing of newer developments in subject 
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matter in the areas that they represent 
and inject the results into a program. 
Expanding Role of Division. The 
newer aspects of the Division’s activities 
are important, but no change in empha- 
sis upon older roles is anticipated. Among 
the outstanding services that have been 
performed by the Mechanics Division are 
the following: conducting outstanding 
programs at the annual meetings of the 
Society at which the best speakers in 
their respective fields are brought to the 
meetings; conducting summer schools in 
the areas of undergraduate and graduate 
mechanics; preparing and evaluating a 
standard examination in statics and dy- 


Vol. 51—No,; 


namics; preparing surveys of facts aboy 
the type of subject matter taught and the 
amount of time given to undergraduate 
courses in mechanics, etc. 

Most of us who attend the anny 
meetings know that one of the most im. 
portant purposes served by the Divisio 
is the informal meetings, outside the mor 
formal programmed meetings, of smal 
groups of persons who are interested in 
the field of mechanics. 

The Mechanics Division welcome 
ideas and suggestions for the improve. 
ment of the services that we perform for 
the Society. 


COLLEGE-INDUSTRY CONFERENCE 


What is PROFESSIONAL CLIMATE? 


Do we want it? 
How do we develop it? 


How do we maintain it? 


These and related questions will be answered at the RWI College-Industry Con- 
ference to be held at Cincinnati, Ohio on February 2-3. The program will include 


the following presentations: 


What a Company Has Done 


What a Consulting Firm Has Done 

What a Government Agency Has Done 

What a University Has Done 

An Experience with Professional Unionism 

Professionalism in Industry—A report on the NSPE 
Survey by an Opinion Research Representative 

Professional Climate Study by Faculty Members 
During Summer Employment 


A complete list of speakers will be published in the January issue of the JouRNat. 
For further information on the program write: CIC Committee, College of Engineer- 
ing, University of Cincinnati. 
Alms, Cincinnati 6, Ohio. 


Headquarters for the conference will be the Hotel 
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On Generalization of the Angular Momentum Equation 


CARL GRUBIN 


Member of the Technical Staff 
Space Technology Laboratories, Inc. 
Los Angeles 45, California 


Lecturer, West Coast College of Engineering 


Summary 


The paper points out that the angular 
momentum equation of classical me- 
chanics need not be restricted to the 
usual cases of origin of co-ordinates fixed 
or at the (accelerating) mass center. 
The origin can be arbitrary, and have an 
arbitrary motion, provided an additional 
term is included in the equation. This 
result is relatively unknown, although 
not completely so. It is shown by a 
simple example that if the motion of a 
point in the system is prescribed as a 
function of time, the choice of this point 
as origin in the general equation leads 
directly to the equations for the rota- 
tional rates, and the prescribed motion 
is automatically enforced. 


Results 


The equation considered is the familiar 
result of classical mechanics 


M = (1) 


In this equation M equals the moment 
of the external forces, H equals the mo- 
ment of momentum or angular momen- 
tum (for brevity) of the system, and M 
and H are to be calculated with respect 
to either: (a) a point fixed in inertial 
(Newtonian) space, or (b) the mass 
center of the system which, in general, is 
accelerating. 

Itis the purpose of the paper to demon- 
strate two results: (a) that Equation (1) 
can be generalized so that M and H can 
be computed with respect'to an arbitrary 
point in the system, having an arbitrary 
motion, and (b) for the class of problems 
where the motion of one point in the 
system is prescribed as a function of 
time, use of the general equation leads 


to the scalar equations for the rotational 
rates more directly than the original 
Equation (1). 

The generalized equation is 


dH, 
dt 


where the arbitrary point is designated 
as point O and §S, equals static moment 
of the body with respect to point O, a, 
equals absolute acceleration of point O, 
and M., H, have their original meanings 
but with respect to the point O. Before 
discussing the implications of Equation 
(2) we give first a brief proof. 

Let us start from the original Equation 
(1) and choose the origin as the mass 


M, = 


+S, -X a (2) 


center. Also introduce the translation 
equation for the system. Thus 
M. H, 
(3) 
F = ma, 


where subscript c refers to the mass 
center and 
F = resultant of the external forces 
m = total mass of system 
a. = acceleration of the mass center. 


Now with respect to an arbitrary point 
O having an arbitrary motion, the follow- 
ing transformations are valid: 
H. = H. — om, X 
M. = M. — @ XF (4) 
a, = a + Oo 
where 9, equals position vector from 


point O to the mass center. 
Combining Equations (3) and (4) 


— Oo x m (a + Oo) 


d 
= (He — meo X 
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or 


M, = H. +S, Xa, 


which is Equation (2), with S, = mg.. 

Equation (2) is the desired result. 
Clearly, it contains the usual cases, point 
O chosen fixed or as the mass center: as 
special cases, since in the former a, = 0, 
while in the latter S, = 0. Expanding 
Equation (2) for a rigid body and choos- 
ing xyz as principal axes with origin at 
point O, the result is set of “generalized 
Euler equations.”’ 


M, = + (1. — Iy)w,w: 
+ (S,a: S.a,) 


M, = I,o, + — 
+ (S.az 


M, = Iw, + (I, — Iz)wywz 
+ (S,a, — S,az). 


S.a:) (5) 


In these equations the components of M, 
w and a are all to be evaluated in an 
inertial co-ordinate system instantane- 
ously coincident with the body axes zyz. 
The first and second mass moments, the 
components of S and J, are evaluated 
with respect to the body axes and are 
constants of the problem. All terms in 
Equation (5) refer to point O so that the 
subscript can be omitted. 

Equation (2) is derived in a few texts, 
e.g., Lass Vector Analysis, pages 197, 198 
and Karman and Biot, Mathematical 
Methods in Engineering, pages 79 through 
81. However, it does not appear in the 
standard works of Rutherford, Classical 
Mechanics, Lindsay Physical Mechanics, 
Timoshenko Advanced Dynamics, Synge 
and Griffith Principals of Mechanics, and 
Goldstein Classical Mechanics. Even in 
the former two references where the 
equation is presented, the implication is 
that application will be simplified if the 
origin is restricted to the cases of the fixed 
point or the mass center. Of course, this 
is generally true. However, in the next 
section it is shown by a simple example, 
that in fact, if the motion of one point 
in the body is prescribed as a function 
of time, Equation (2) or (5) is the more 
natural equation to use as the prescribed 
motion is then automatically enforced. 


Vol. 


The same example is also treated inj) 
conventional manner where the origin 
chosen at the mass center. Natunh) 
the final results are identical but 4 
latter method leads to considerable ad 
tional calculation. 


OSEPH 
sistant 
Lehigh L 
Bethlehen 


Example 


Consider the planar motion of a phy 
ical pendulum, whose hinge point 


being oscillated horizontally, accordingi) Conak 


1 wl 
o the p 
ts mass 
adius 0 
hrough 
he pape 
body in 
he dists 


on the ] 


= Asin at. 


he mas: 
It isa 
js attacl 
which is 

Taking xyz axes fixed in the body s}which i: 
shown, the separate terms in Equatia}will not 
(5) are: shaft. — 
property 


oxis perpendicular 
to plane of motion 


M: M.=M.=0; M,=—mglsin® [notion ; 
@:=0,=0; w,=6 and if 
a: a:=£40080; sin 8; 

( 

S: S.=8,=0; S.=ml. does not 

Substituting this in Equation (5) with 

= — w*Asin wt, the first and thin hoc 

are identically satisfied and the seconi of 


gives directly the equation of motion 
for 6: 


1,6 + mgl sin 6 
= (mlAw* sin wt) (6) 


indicate 
pulsive 

come w 
V Ay whi 
the imp 


directio: 

where J, is about the hinge. be m. 
initial x 
Conventional Method, Using one the 


Write the translation equation for the 


motion of the mass center and rotation imPo)F 
about it, introducing (unknown) force 
at the hinge. 

Vo 


(Continued on p. 255) 
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sistant Professor Department of Mechanics 


Lehigh University 
on of a phygBethlehem, Pa. 
nge point i 


accordingi® Consider the rigid body shown in Fig- 


dure 1 which is symmetrical with respect 
o the plane of the paper and which has 
ts mass-center at G, and which has a 
adius of gyration of K about the axis 
hrough G perpendicular to the plane of 
1 he paper. Point A is any point on the 

body in the plane of symmetry and # is 

he distance from A to G. Point P lies 


~ 


2 
on the line AG at the distance = from 


he mass-center G. 
It is a well known fact that, if the body 
wy is attached to a shaft at A, a force at P 
which is in the plane of symmetry and 
the body sfwhich is perpendicular to the line AG 
in Equatinfwill not cause a reactive force on the 
shaft. There is an additional interesting 
property as follows: If the body has plane 
otion parallel to the plane of symmetry 
and if there is an impulsive force at A in 
his plane, the rectangular component of the 
velocity of P perpendicular to the line AG 
does not change as a result of the impact. 

Proof: 

The body has an initial angular ve- 
locity of wo and an initial linear velocity 
of the mass center of Vo in the directions 
indicated in Fig. 2(a). After the im- 
pulsive force at A, these quantities be- 
come w and V as shown in Fig. 2(b). 
V4, which is the velocity of point A after 
the impact, can have any magnitude and 
direction. Let the mass of the body 
be m. The moment about A of the 
initial momenta plus the moment about 
4 4 of the impulse is equal to the moment 

about A of the final momenta. 

Therefore : 


mgl sin 


sin 6; a,=! 


on (5) with 
t and thir 
secon 
of motion 


cos (6) 


tion for the}, 
nd rotation cos + (mR*)wo 


own) forces = (mV)? cos 0 + mK*w 


2 
5) 0. + ws = P cos + 


Further Property of the Center of Percussion 


But: 


Initial (Vp)z = Vo cos + 


and: 


R2 
Final (Vp), = Vcos@ + 
Initial (Vp), = Final (Vp):. 


The above principle can be used to 
obtain a quick solution to certain prob- 
lems which are often considered in the 
usual undergraduate dynamics course for 
engineers. The following problem, which 
is taken from a recent quiz given to 
Lehigh students, will serve as an example. 

The rod AB of Fig. 3 weighs W pounds 
and it moves on a horizontal frictionless 
surface. The initial linear velocity is 
16 ft./sec. to the right, and the initial 
angular velocity is zero. Find the linear 
velocity of the mass center and the angu- 
lar velocity after the end A collides with 
the rigid corner C. The coefficient of 


1. 
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W, WV 


(a) Before impulsive (b) After impulsive 
force at A force at A 


Fic. 2. 


restitution, e, for this impact is 0.5. 
R L 


P is 4 feet from A. 
After impact: 
Vp = 16 ft./sec. 


and 

Va = — (0.5)16 = — 8 ft./sec. 
o= = 6rad./sec. clockwise ; 
V = —8+ 3(6) = 10 ft./sec. 


The propriety of presenting this method 
to undergraduate engineering students is 
debatable, since a great many of my 
students, at least, are all too eager to 
learn a short-cut method which saves 


8 
wo=0 
Vo=16 ft/sec 
e=0.5 
6 feet 
A 
GY 
Wf 
Fia. 3 


them from the painful chore of applying 
the general impulse-momentum pri- 
ciples. For this particular quiz problem 
several of my students presented a short, 
quick, easy but erroneous solution by as- 
suming that the upper terminal point 
B of the rod had the same velocity 
after impact as before. The reason for 
making such an assumption is a mystery 
to me. However, since several students 
did make this curious assumption, pos- 
sibly students elsewhere may do the same 
thing. However, if the point of impact 
had been two feet above A, then the 
upper terminal point B would have been 
the center of percussion and its velocity 
would not be changed by the impact. 
Hence, it is important for the inventor 
of problems for quizzes and text-books to 
be aware of the fact that there does exist 
a point whose velocity component in 4 
certain direction does not change as 4 
result of the impact. Otherwise, they 
might be quite startled by a student's 
simple solution which yields the right 
answer. 


NUCLEAR ENGINEERING EXPANDS AT NYU 


The Graduate Division of New York University’s College of Engineering wil 
increase “the depth and scope” of its program in nuclear engineering beginning this 
fall, Dr. John R. Ragazzini, dean of the College, has announced. 

Under the expanded program, the College will now offer the degree of doctor o 
engineering science for students majoring in nuclear engineering. Since 1955 it has 
granted the degree of master of nuclear engineering. 
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Variable-Mass Dynamics 


J. L. MERIAM 


Professor of Engineering Mechanics, University of California, Berkeley 


For the past 273 years following the 
publication in 1687 of Newton’s Prin- 
cipia, scientists and engineers have 
carried out innumerable experiments and 
calculations based on the Second Law of 
Motion. It is difficult to think of any 
other physical law that has played a 
greater role in the description of physical 
problems, that has been subject to greater 
check, and that has afforded greater 
opportunity for adequate interpretation. 

In view of this state of affairs it is 
interesting and somewhat startling to ob- 
serve that this basic law of mechanics is 
currently being seriously misinterpreted. 
This misinterpretation appears under 
conditions where the mass of a body is a 
function of time. It is the purpose of 
this discussion to draw attention to this 
error and to indicate the correct formula- 
tion of the equations of motion for bodies 
whose mass varies with time. 

A review of current references in basic 
and advanced mechanics discloses two 
different statements of the fundamental 
law. The first point of view presents 


F = ma 


for a particle (or body considered as a 
particle) of mass m subjected to a result- 
ant force F and having an acceleration a. 
The second point of view presents 


d 
F= a (mv) 


as the basic or fundamental law where 
the resultant force equals the time rate 
of change of momentum. Clearly both 
formulations give identical results when 
the mass m is not a function of time. 
When m is a function of time, however, 
the statements differ by the term v dm/dt. 


Presented before the Mechanics Division, 
Annual Meeting of A.S.E.E., Purdue 
University, June 21, 1960. 


Many people accept the second point 
of view as the correct one for one or both 
of the following reasons. First, Newton 
said, “The change of motion is propor- 
tional to the motive force impressed ; and 
is made in the direction of the right line 
in which that force is impressed.’ ! 
Newton used the term ‘‘quantity of mo- 
tion” to refer to the product of mass and 
velocity, so that by “change of motion” 
is meant the time rate of change of mo- 
mentum. Second, with greater atten- 
tion focused on vehicles with variable 
mass, the temptation to write d(mv)/dt 
is very great in order that m may be 
treated as a variable with a time deriva- 
tive. With all due respect to the genius 
of Newton, it can hardly be considered 
that he was thinking of the possibility of 
variable mass at the time of his formula- 
tion. Furthermore one is not justified 
in using a literal interpretation of a 
statement which is now historical as 
the correct formulation of problems for 
which the historical statements were not 
intended. 

At this point it will be well to refer to 
the restrictions which govern the deriva- 
tion of the equation )/F = G as applied 
to a mass system where >-F is the re- 
sultant external force on the system and 
G is the time rate of change of the linear 
momentum of the system. The system 
S is defined at any instant of time ¢ as the 
sum of the particles of mass within an 
envelope which defines the boundaries 
of S. At time ¢ there are n particles 
in S, and the mass of the i particle is mi. 
The mass of each individual particle is 
considered constant. With respect to a 
fixed Newtonian frame of reference, the 
center of mass of S at time ¢ is found by 
the principle of moments, and its 2-co- 


1 Principia in Modern English, Translation 
by F. Cajori, University of California Press, 
pp. 13, 645. 
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ordinate is given by 


mz = x Mix; (1) 


i=0 


where 


n 
m= > m,. 


i=0 


Differentiation of Eq. (1) with time yields 


= > miki = Gz (2) 
where G, is defined as the linear mo- 
mentum of S in the z-direction. A 
second differentiation yields 


mE = > ma; = (3) 
i=0 

In each of these steps the total mass m 
was treated as constant. Thus when the 
force-mass-acceleration equations for all 
particles are added and internal forces 
cancelled, the resultant external force on 
the system is 


= mai or DF. =G;. (4) 
It should be quite clear that Eq. (4) is 
derived on the basis of constant total 
mass of the system. 

Equation (4) can be used to analyze 
variable mass systems only if applied to 
an entire system of constant mass having 
two or more parts among which inter- 
change of mass occurs. Thus if a con- 
stant total mass m is divided into two 
distinct parts m: and me, each moving 
with velocities v; and v2, we may write for 
the forces external to m 


d 
LF: di (mi + mor) 
= My, + Moe + mi, + Move 
My, + MWe + m1 (01 V2) (5) 


since mz = — m,. Equation (5) may be 
applied as a very close approximation? to 


2It may be shown that the approximation 
contains the assumption that the distance be- 
tween the center of mass of the rocket and 
the nozzle is small and has negligible time 
derivatives. In this connection see the paper 
“On the Equation of Rocket Motion,” by G. 
Leitmann, Journal of the British Interplanetary 


Vol. 5I—No. 3 


S contains n 
porticles at 


Fixed coordinates 


Fig. 1. 


the motion of a rocket where m: repre- 
sents the mass of the rocket machinery 
and fuel and m2 the mass of an arbitrary 
segment of expelled exhaust mass. Neg- 
lecting any acceleration of the exhaust 
stream once clear of the nozzle, v2. = 0, 
and Eq. (5) may be written 


d 
LF, = at (miv1) — (5A) 


where >-F, then defines the external 
force summation on the rocket. It is 
clear that for this variable mass system 
DF. # Gs. 

In order to derive the correct linear 
momentum equation for a variable mass 
it is necessary to treat m as a function of 
time. This is accomplished by allowing 
an increment of mass Am to enter a sec- 
tion of the envelope of S during time At. 
In Fig. 1 the coordinate to this entrance 
section is z,, and the coordinate to the 
last particle of Am to enter S in time At 
is zp. The coordinate to the center of 
mass of Am is x. The location @ of the 
center of mass of the n particles of S at 
time ¢ is given by 


n 
im = Midi 


whereas at time ¢ + At this becomes 
zm + A(zm) = Az;) 
i=0 
+ Am(ao + Azo). 
Society, July-September, 1957, 16(3), pp. 141- 


147, in which the correct equations are 
derived. 
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Subtracting the first from the second 

equation, dividing by At, passing to the 

limit, and neglecting the second-order 

term give 


(em) = + rom. 
dt i=0 

Substituting the definition of the linear 

momentum of S from Eq. (2) gives 


¢, = (2m) — xom 
= mi + — 2)m. (6) 


Hence we see that the linear momentum 
of a variable mass depends on the loca- 
tion of the entrance section with respect 
to the mass center. 

The derivative of G, is obtained by 
writing the increment in momentum 
starting from the definition of G, in 
Eq. (2). Thus, at time ¢ + At 


i=0 


+ Am(%o + Azo) 


where the momentum of Am must now 
beincluded. Subtracting Eq. (2), divid- 
ing by At, passing to the limit, and neg- 
lecting the second order term yield 


G, = mit; + (7) 
i=0 


Writing the force-mass-acceleration equa- 
tion for each particle of S at time ¢ and 
adding them together give for the sum- 
mation over S 


i=0 


From Eq. (7) this expression becomes 


= Gz — ton (8) 
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which is the correct force-momentum 
equation for a variable-mass system. 
The interpretation of 9 must be carefully 
observed. It is the coordinate of the 
mass center of Am which decreases from 
Am to zero during At. Thus 


to = 2p) and = 3(% + 


which shows that io is the average be- 
tween the velocity of the entrance section 
and the velocity of the approaching 
particles. 

The results only of application of Eq. 
(8) to an ascending rocket will be cited 
as a concluding statement. 


Let m = mass of rocket machinery 

and fuel at time t, m = W/g 

6 = angle of rocket axis from the 
horizontal 


p = mean static pressure of ex- 
haust gases across the nozzle 
exit plane 

A = area of exit plane 

U = relative velocity of escaping 
gases with respect to the 
rocket 

R = aerodynamic drag _ along 


rocket axis 

h = distance from nozzle exit 
plane to center of mass of 
rocket. 


With these symbols, it may be shown 
that Eq. (8) gives 


= MIX, + dt (mh). 


It is the last term which has been missed 
in the derivation of the linear equation 
of motion for a rocket. Fortunately the 
magnitude of this last term is negligible 
for present rockets but may be important 
in some other applications. 


FACULTY UTILIZATION RESEARCH 


The Educational Methods Division has announced a three day invitational conufer- 
ence on Research on Faculty Utilization, January 9, 10, and 11, at the Westinghouse 


Educational Center in Pittsburgh. 
the Society last year. 


It has grown out of the CDEF report presented to 
The purpose of this conference is to summarize and evaluate 


the current research on faculty utilization and discuss its application to current prob- 
lems in engineering education. 

For additional information contact Edward J. Rising, Department of Mechanical 
Engineering, University of Massachusetts, Amherst, Massachusetts. 
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Candid Comments 


ERIC A. WALKER * 


I should like to take this opportunity 
to ask some questions and to share with 
you some thoughts I have had about the 
future of ASEE and its operation. 

In the first place, I should like to ask, 
who actually runs the Society? The 
General Council is supposed to run it, 
but I sometimes wonder whether the 
Council is really the governing body. It 
isn’t the right size to serve this function. 
In fact, it more nearly serves as a board 
of approval. There is very little discus- 
sion in the Council on the direction of 
the Society, and, consequently, it isn’t a 
board of directors. There is, of course, 
a planning committee, but it hasn’t so far 
proved to be very effective. 

A question now often asked is whether 
ASEE should go “big time.” This should 
be a matter of discussion in the General 
Council. In this discussion, the Council 
should recognize that there are related 
questions. What about the location of 
the headquarters, for instance, and its 
staffing? Should any change be made 
in these things? 

There also has been talk about coun- 
cils. Should the Technical Institute Di- 
vision be a council? Should the Relations 
With Industry Group? Who considers 
whether we need two, four or six coun- 
cils? And how about divisions and sec- 
tions? Should there be changes in this 
area? For example, should the National 
Capital or Allegheny Sections be abol- 
ished? 

The next meeting of the General Coun- 
cil will be called prior to the next meet- 
ing of the Executive Board. For this 
meeting, I am going to ask that reports 
be sent in beforehand so that there 
won't be a lot of papers around at the 


1At the final meeting of the General 
Council last June President-elect Eric A. 
Walker asked for permission to make some 
comments. Since they seem so pertinent to 
the future of ASEE and to all ASEE’s mem- 
bers they are published here in full. 
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meeting in order that we can spend time 
discussing what ASEE should be doing. 
For this preliminary work, I will select 
people to prepare statements and ask the 
Planning Committee to make long-range 
plans. 

I should like to ask all representatives 
of the sections and divisions to take a 
critical look at what you are doing and 
what your functions are in advance of 
the next meeting. For example, the Edu- 
cational Methods Division is not satisfied 
with its title, its members believing that 
the Division should be more of an engi- 


neering-teaching research group. The © 


Relations With Industry Division is con- 
vinced that its usefulness will be en- 
hanced by closer integration with the 
Society. Perhaps the Industrial Member- 
ship Committee should be a part of RWI, 
and perhaps RWI should work with the 
Graduate Studies Division on mutual 
problems. 

Someone also should be doing some 
thinking about the presidency of ASEE. 
Sould the incoming president be desig- 
nated earlier than he is at the present 
time? Perhaps we should have an execu- 
tive vice president for one year who 
could then take over as president the fol- 
lowing year, or perhaps we should have 
a full-time president. Certainly, more 
continuity is needed in this office. 

The Committee on Development of 
Engineering Faculties has been one of 
the most successful committees of the 
Society, and its operations will bring 
much credit to the Society. The Com- 
mittee, under the chairmanship of Dr. H. 
L. Hazen, devoted much time to its 
project and had a full-time man working 
on it. The Committee believes it should 
now be terminated, and it suggests that 
the work be continued in the following 
way: 

1. The whole concept of further work 

on recruiting faculties be taken 
over by ECAC. 
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2. The development of faculties be 
taken over by a new Society com- 
mittee. 

3. The utilization of faculties be han- 
dled by the Educational Methods 
Division. 


I am appalled at the growth of our 
annual meetings. Increasingly, more and 
more sessions take more and more time. 
Some members have told me the general 
sessions were excellent but there should 
be more discussion. Some also have said 
that they thought division meetings ought 
to be held in the afternoons on the same 
sort of themes as the general sessions. 
We have an Annual Meeting Committee 
that makes recommendations for the loca- 
tion of future annual meetings and that 
considers the sufficiency of facilities at 
prospective host institutions. Could we 
develop a better plan for annual meet- 
ings? If anyone has ideas about these 
matters, I should like to ask him to com- 
municate with Dr. N. A. Hall, the new 
chairman of the Annual Meeting Com- 
mittee. 

I now am going to ask your approval, 
as a matter of policy, of an action taken 
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by the Executive Board. The proposal 
develops from the growth of interest in 
research in engineering education. The 
Society is developing projects of all kinds, 
and some people from outside ASEE say 
that the Society is not doing enough—that 
we should not have a lot of small projects 
but rather one big one. 

I would like for this General Council 
to approve the formation of a “Project 
Management Committee,” the function 
of which would be to initiate proposals 
for study and research in engineering 
education for approval of the General 
Council and Executive Board. After this 
approval, the Committee would then 
submit them to foundations for considera- 
tion. The Committee would also choose 
project directors, see that the project ac- 
complishes its mission, and transmit the 
results to appropriate groups for imple- 
mentation. The Executive Board has 
approved $5,000 for one year in operat- 
ing funds to get the project under way, 
the money coming from the unallocated 
reserve.” 

2The motion was made, seconded, and 


passed by the General Council at its meet- 
ing on June 24, 1960. 


AEC FELLOWSHIPS 


Students in chemistry, engineering, mathematics, or physics may receive the finan- 
cial means to pursue graduate studies under Atomic Energy Commission Special Fel- 
lowships in Nuclear Science and Engineering. 

Up to 150 fellowships are available, for first-, intermediate-, and terminal-year 
graduate study at a school selected by the fellow from a list of more than 50 designated 
universities. 

First-year graduate students receive $1800 for twelve months, intermediate-year 
students receive $2000, and terminal-year students receive $2200. An additional 
$500 is allowed for a spouse, and $500 each for a maximum of two dependent children. 
Tuition, fees, and a limited travel allowance are also provided. First- and inter- 
mediate-year fellowship may be renewed for a total of three years of fellowship 
support; applicants for fellowship renewal will be considered oa an equal basis with 
other applicants. 

Duration of the fellowship is twelve months, although intermediate- and terminal- 
year fellows may reduce the term to one academic year with an appropriate adjustment 
in stipend payment. 

Graduate students, or seniors who will have received their degrees by the beginning 
of the 1961-62 academic year may apply for a fellowship to begin in the fall of 1961. 
Applications must be received by January 6, 1961. 

Further information and application blanks for these fellowships are available 
from the Nuclear Science and Engineering Fellowship Office, Oak Ridge Institute of 
Nuclear Studies, P.O. Box 117, Oak Ridge, Tennessee. 


| 
1 
| 
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ECAC Officers, 1960-61 


Chairman: H. E. Wessman, University of Washington, Seattle, Wash. 

Secretary: W. P. Kimball, Dartmouth College, Hanover, N. H. 

Executive Committee: L. K. Downing (1961), Howard University, Washington, D. C.; L. R. 
Quarles (1961), University of Virginia, Charlottesville, Va.; J. M. Pettit (1962), Stanford 
University, Stanford, Calif.; F. H. Pumphrey (1962), Auburn University, Auburn, Ala.; 
F. M. Tiller (1962), University of Houston, Houston, Tex. 


ECAC Committees 


Guidance: Military Affairs: 
Chairman: A. Pemberton Johnson, Newark Chairman: G. A. Marston, University of 
College of Engineering : Massachusetts 
Secondary Schools: Manpower: 
Chairman: A. R. Spalding, Purdue Uni- Chairman: Harold Torgersen, University 
versity of Connecticut 
Nominating: 
Chairman: G. A. Marston, University of 
Massachusetts 


ECRC Officers, 1960-61 


Chairman: R. J. Martin, University of Illinois, Urbana, III. 

Vice Chairman: J. C. Calhoun, A. & M. College of Texas, College Station, Tex. 

Vice Chairman: C. C. Chambers, University of Pennsylvania, Philadelphia, Pa. 

Secretary: W. E. Miller, University of Illinois, Urbana, III. 

Directors: M. A. Williamson (1961), Pennsylvania State University, University Park, Pa. 
H. B. Gotaas (1961), Northwestern University; F. L. Foster (1962), Massachusetts In- 
stitute of Technology; L. H. Johnson (1962), Tulane University, New Orleans, La, 
J. W. Hoffman (1963), Michigan State University, East Lansing, Mich.; R. E. Burroughs 
(1963), University of Michigan, Ann Arbor, Mich. 


ECRC Committees 


Relations with Federal Government: Vincent Bendix Award: 
Chairman: F. L. Foster, Massachusetts Chairman: J. H. Rushton, Purdue Univer- 
Institute of Technology sity, Lafayette, Ind. 
Nominating: 


Research Relations with Industry: 
Chairman: M. A. Williamson, Pennsylvania 
State University 


Chairman: K. F. Wendt, University of 
Wisconsin, Madison, Wis. 


Publications: 
Program: Co-Chairmen: Renato Contini, New York 
Chairman: J. C. Calhoun, A. & M. College University, New York, N. Y. and P. T. 
of Texas Bryant, University of Illinois, Urbana, Ill. 


Revision for Qualifications for Member- 
ship in ECRC (ad hoc): 
Chairman: C. C. Chambers, University of 


Research Administraton: 
Chairman: R. E. Burroughs, University of 


Michigan Pennsylvania, Philadelphia, Pa. 

Curtis W. McGraw Research Award: Interdisciplinary Research: 
Chairman: M. E. Forsman, University of Chairman: C. C. Chambers, University of 
Florida, Gainesville, Fla. Pennsylvania, Philadelphia, Pa. 
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Society Committees, 1960-61 


Affliate Membershp. Chairman: W. J. 
Owens, Bridgeport Engineering Institute, 
Bridgeport, Conn.; Maurice Graney, G. 
Ross Henninger, G. G. Mallinson, H. E. 
McCallick, L. F. Smith, E. B. VanDusen, 
E. B. Weinberg 

Annual Meeting. Chairman: N. A. Hall, 
Yale University, New Haven, Conn.; Merl 
Baker, H. W. Barlow, W. H. Boghosian, 
Walton Forstall, G. A. Hawkins, Archie 
Higdon, R. E. Shaver, W. I. Short, W. 
Leighton Collins, ex officio 

Awards Policy. Chairman: H. O. Croft, 
University of Missouri, Columbia, Mo.; J. 
C. Elgin, Harold Flinsch, W. C. White 

Ceramic Engineering. Chairman: J. A. 
Pask, University of California, Berkeley, 
Calif.; R. M. Campbell, R. L. Cook, C. M. 
Dodd, P. R. Jones, J. H. Koenig, W. W. 
Kriegel, J. I. Mueller, T. J. Planje, Ralston 
Russell, Jr. 

Constitution and By-Laws. Chairman: V. 
S. Haneman, Jr., 4309 Gaston Avenue, 
Apt. 108, Dallas, Texas; A. S. Campbell, 
J. R. Cudworth, L. E. Grinter, R. W. Van 
Houten 

Division Activities—General. Chairman: 
H. W. Barlow, Washington State Univer- 
sity, Pullman, Wash.; Committee members 
are Chairmen and General Council Repre- 
sentatives of the following Divisions: Co- 
operative Education, Educational Meth- 
ods, Engineering Economy, Engineering 
Graphics, English, Evening Engineering 
Education, Graduate Studies, Humanities 
and Social Sciences, Mathematics, Physics, 
Relations With Industry, Technical Insti- 
tutes; and Chairmen of the following Com- 
mittees: Ethics, Instrumentation, Young 
Engineering Teachers 

Division Activities—Instructional and Cur- 
ricular. Chairman: N. A. Hall, Yale Uni- 
versity, New Haven, Conn.; Committee 
members are Chairmen and General Coun- 
cil Representatives of the following Divi- 
sions: Aeronautical, Agricultural, Architec- 
tural, Chemical, Civil, Electrical, Indus- 
trial, Mechanical, Mechanics, Mineral En- 
gineering; and Chairmen of the following 
Committees: Ceramic, Engineering School 
Libraries, Metallurgical, Nuclear, and 
Textile Engineering 

Editorial. Chairman: P. T. Bryant, Univer- 
sity of Illinois, Urbana, Illinois; C. E. 
Bennett, T. A. Boyle, A. H. Cooper, R. O. 
Darling, A. W. Davis, J. T. Elrod, Amy 
V. Hall, E. W. Jacunski, J. J. Kauzlarich, 
Arthur Lesser, Jr., G. A. Marston, T. L. 
Martin, Jeanne I. Miller, W. E. Miller, W. 


E. Restemeyer, J. A. Roberson, G. D. 
Sheckles, R. E. Swift, B. H. Ulrich, H. 
L. Wakeland 

Employment Services (ad hoc). Chair- 
man: Frank Kerekes, Michigan College of 
Mining and Technology, Houghton, Mich- 
igan; L. B. Andersen, C. A. Brown 

Engineering Faculty Development (ad 
hoc). Chairman: R. E. Bolz, Case Insti- 
tute of Technology, Cleveland, Ohio; A. 
B. Drought, Seichi Konzo, J. M. Pettit, 
J. P. Spielman, G. B. Thom 

Engineering School Libraries. Chairman: 
J. P. McGowan, Franklin Institute, Phil- 
adelphia, Pa.; Marguerite Chamberlain, 
Dorothy M. Crosland, K. H. Fagerhaugh, 
Madeleine Gibson, R. H. Moody, J. H. 
Moriarty, W. G. Murphy, Mary F. Pinches, 
Sam Shulitz, I. A. Tumbleson, Jeanette 
Wood, W. S. Yenawine 

Ethics. Chairman: John Gammell, Allis- 
Chalmers Mfg. Company, Milwaukee, 
Wisconsin; P. A. Cartwright, F. L. Ca- 
son, S. W. Chapman, J. C. Choppesky, N. 
A. Christensen, C. S. Crouse, J. D. Davis, 
Jr., C. A. Dunn, C. H. Ebert, C. J. Freund, 
T. E. Stelson, R. E. Swift, B. A. Whisler, 
R. E. Whallon 

Financial Policy. Chairman: G. D. Lobin- 
gier, Westinghouse Educational Founda- 
tion, 401 Liberty Avenue, Pittsburgh, Pa.; 
C. C. Chambers, Arthur Lesser, Jr., Thorn- 
dike Saville, R. J. Woodrow, W. W. Bur- 
ton, (ex officio), W. Leighton Collins, 
(ex officio) 

George Westinghouse Award. Chairman: 
E. J. Lindahl (1961), E. R. Whitehead 
(1961) W. M. Rohsenow (1962), D. W. 
Ver Planck (1962), Glenn Murphy (1963), 
Samuel Seely, (1963), Joseph Marin 
(1964), M. S. Peters (1964), G. D. Lob- 
ingier, (ex officio) 

Honorary Membership. Chairman: J. F. 
Downie Smith, Carrier Corp., Carrier Park- 
way, Syracuse, New York, (1962); W. D. 
Jordan (1961), F. C. Lindvall (1961), 
E. W. Schilling (1961), William Allan 
(1962), N. W. Dougherty (1962), H. H. 
Armsby (1963), A. A. Potter (1963), D. 
B. Prentice (1963) 

Industrial Fellowship. Chairman: R. A. 
Morgen, President, Rose Polytechnic In- 
stitute, Terre Haute, Indiana, (1962); M. 
M. Boring (1961), C. M. Burrill (1961), 
P. F. Keim (1961), R. J. Martin (1961), 
G. H. Lee (1962), W. D. Mcllvaine 
(1962), H. P. Wile (1962), M. E. Fors- 
man (1963), W. Scott Hill (1963), F. 
D. Leamer (1963), K. A. Meade (1963) 
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Industrial Membership. Chairman: F. E. 
Allen, International Nickel Company, Inc., 
67 Wall Street, New York 5, N. Y.; B. H. 
Amstead, B. C. Baker, Merl Baker, E. W. 
Boehne, W. W. Bristol, B. Brooke Bright, 
F. T. Carroll, Jr., R. O. Darling, H. E. 
Heath, Jack Kadushin, Frank Kerekes, D. 
F. Livermore, H. E. McCallick, D.° L. 
Pyke, C. E. Schaffner, F. W. Stubbs, R. 
L. Wooldridge 

International Engineering Education. 
Chairman: Merl Baker, Director, Kentucky 
Research Foundation, University of Ken- 
tucky, Lexington, Kentucky; M. L. Albert- 
son, H. W. Bibber, J. C. Calhoun, Jr., 
Harold Flinsch, K. C. Harder, S. B. In- 
gram, H. K. Justice, H. T. Maser, J. L. 
Meriam, J. O. Outwater, J. R. Pearson, F. 
M. Tiller, Ernst Weber, W. R. Weems, J. 
G. Young 

Instrumentation. Chairman: D. P. Eck- 
man, Case Institute of Technology, Cleve- 
land, Ohio; P. L. Balise, Nathan Gilbert, 
T. J. Higgins, J. G. McCaslin, R. G. 
Nevins, Rufus Oldenburger, L. L. Rauch, 
J. B. Reswick, J. L. Shearer, Herman Thal- 
Larsen, J. G. Truxal 

James H. McGraw Technical Institute 
Award. Chairman: M. W. Roney, Okla- 
homa State University, Stillwater, Okla- 
homa (1961); G. R. Henninger (1961), 
Bonham Campbell (1962), H. H. Kerr 
(1962), W. R. Halstead (1963), W. D. 
Purvine (1963), H. E. McCallick (1963), 
A. R. Sims (1961) (ex officio) 

Lamme Award. Chairman: J. C. Calhoun, 
Jr., Texas A. & M. College, College Sta- 
tion, Texas (1961); R. S. Burington 
(1961), R. L. Sweigert (1961), M. R. 
Lohmann (1962), H. B. Gotaas (1962), 
D. H. Pletta (1962), J. H. Lampe (1963), 
R. W. Van Houten (1963), W. L. Everitt 
(1964), S. C. Hollister (1964), L. E. 
Grinter (1964) 

Long Range Planning. Chairman: F. C. 
Lindvall, California Institute of Technol- 
ogy, Pasadena, Calif. (1961); W. T. Alex- 
ander (1962), W. L. Everitt (1962), 
Glenn Murphy (1962), L. F. Smith 
(1963), R. A. Morgen (1963) 

Metallurgical Engineering. Chairman: A. 
W. Schlechten, Missouri School of Mines, 
Rolla, Missouri; S. A. Duran, Robert Mad- 
din, T. A. Read, Reinhardt Schuhmann, 
Jr., L. R. Standifer, R. E. Swift, M. A. 
Williamson 


National Legislation. Chairman: E. L. 


Keller, Pennsylvania State University, Uni- 
versity Park, Pa. (1963); J. C. Elgin 
(1961), R. A. Morgen (1961), P. H. 
Robbins (1962), L. K. Wheelock (1962), 
R. E. Stiemke (1962) 
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Nominating Committee. Chairman: F. C, 
Lindvall, California Institute of Technol- 
ogy, Pasadena, Calif.; W. T. Alexander, 
H. L. Bowman, Donald Bradbury, C. H. 
Cather, R. A. Emerson, H. A. Giddings, 
M. R. Graney, G. A. Gullette, V. S. Hane- 

_ man, Jr., K. L. Holderman, J. S. Johnson, 
H. R. Lissner, E. E. Litkenhous, R. W. 
Moulton, M. E. Raville, E. A. Salma, B. 
R. Teare, Jr., Dudley Thompson, D. E, 
Whelan, Jr., M. W. White, R. L. Wool- 
dridge 

Nuclear Committee. Chairman: R. W, 
Moulton, University of Washington, Seat- 
tle, Washington (1961); H. J. Gomberg 
(1961), Harold Lurie (1961), W. F. 
Stokey (1961), E. A. Trabant (1961), 
W. H. Crew (1962), C. E. Dryden 
(1962), W. W. Grigorieff (1962), H. B. 
Hansteen (1962), L. H. McEwen (1962), 
Glenn Murphy (1962), R. C. Anderson 
(1963), H. R. Beatty (1963) T. R. Cuy- 
kendall (1963), R. J. Martin (1963), N. 
J. Palladino (1963), F. E. Myers (ex 
officio ) 

Projects Management Group. Chairman: 
L. E. Grinter, University of Florida, 
Gainesville, Florida; H. A. Foecke, W. W. 
Harman, J. A. Hrones, O. E. Lancaster, 
A. R. Spalding, B. R. Teare, Jr. 

Publications. Chairman: W. Leighton Col- 
lins, University of Illinois,Urbana, Illinois; 
R. F. Bitner, R. C. Brinker, P. T. Bryant, 
(ex officio), W. E. Miller (ex officio), W. 
P. Kimball (ex officio), W. G. Stone, 
Leon Trilling, W. H. Crater (ex officio) 

Public Information. Chairman: J. I. Mat- 
till, Massachusetts Institute of Technology, 
Cambridge, Mass.; C. K. Arnold, P. T. 
Bryant, H. C. Gillespie, Jerry Miller, 
Roland Paine, G. C. Pearl, D. E. Roberts, 
L. K. Wheelock 

Relations with the National Science Foun- 
dation. Chairman: C. C. Chambers, Uni- 
versity of Pennsylvania, Philadelphia, Pa.; 
G. B. Carson, R. A. Morgen, G. M. 
Nordby, R. H. Roy 

Sections and Branches—Eastern. Chair- 
man: R. G. Owens, Illinois Institute of 
Technology, Chicago, Illinois; Committee 
Members: Chairmen and General Council 
Representatives of the following Sections: 
Allegheny, Illinois-Indiana, Michigan, Mid- 
dle Atlantic, National Capital Area, New 
England, Ohio, Southeastern, Upper New 
York-Ontario; and Chairmen of the follow- 
ing Branches; University of Alabama, Clark- 
son College of Technology, University of 
Detroit, University of Florida, University 
of Illinois, Navy Pier, Chicago, Illinois; 
Lafayette College, University of Maine, 
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North Carolina State College, Northeastern 
University, Purdue University, University 
of Tennessee 

Sections and Branches—Western. Chair- 
man: M. R. Lohmann, Oklahoma State 
University, Stillwater, Oklahoma; Com- 
mittee Members: Chairmen and General 
Council Representatives of the following 
Sections: Kansas-Nebraska, Missouri-Ar- 
kansas, North Midwest, Pacific Northwest, 
Pacific Southwest, Rocky Mountain, South- 
west; and Chairmen of the following 
Branches: Colorado State’ University, 
Colorado School of Mines, University of 
Colorado, Michigan College of Mining & 
Technology, University of Minnesota, 
Texas A. & M. College, Washington State 
University, University of Washington 

Technical Institute Education. Chairman: 
Maurice Graney, University of Dayton, 
Dayton, Ohio; B. C. Boulton, Jeanne Mil- 
ler, L. F. Smith 

Technical Institute Education Evaluation 
Steering Committee. Chairman: C. C. 
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Tyrrell, Broome Technical Community 
College, Binghamton, New York; H. R. 
Beatty, B. C. Boulton, K. A. Brunner, M. 
R. Graney, G. R. Henninger, H. H. Kerr, 
C. H. Lawshe, V. E. Neilly, W. C. White 

Textile Engineering. Chairman: M. J. 
Lydon, Lowell Technological Institute, 
Lowell, Mass.; C. L. Adams, Stanley 
Backer, H. A. Dickert, R. K. Flege, M. E. 
Heard, G. E. Hopkins, Melvin Mark, L. 
A. Runton, E. P. Stevenson, J. L. Taylor 

Visiting Engineers. Chairman: C. C. 
Chambers, University of Pennsylvania, 
Philadelphia, Pa.; J. C. Calhoun, Jr., W. 
E. Rogers, J. W. Seyler 

Young Engineering Teachers. Chairman: 
R. M. Hollub, Univ. of Alabama, Univer- 
sity, Alabama, V. J. Vitagliano, Vice 
Chairman and Program Chairman, C. A. 
Arnbal, Secretary, J. A. Roberson, YET- 
itudes Editor, R. M. Barnoff, F. R. 
Bonanno, R. C. Kipp, D. R. Lamb, R. L. 
Papworth, Arnold Reisman, T. S. Stor- 
vick, R. E. Wainerdi, R. E. Woodring 


Officers of Divisions, 1960-61 


Aeronautical: 

Chairman: H. M. DeGroff, Dept. of Aero- 
nautical Engineering, Purdue Univer- 
sity, Lafayette, Ind. 

V. Chairman: E. W. Anderson, Iowa State 
University, Ames, Iowa 

Secretary: R. J. H. Bollard, Purdue Uni- 
versity, Lafayette, Ind. 

Repr. on GC: *V. S. Haneman, Jr., (Ma- 
jor) 4309 Gaston Avenue Apartment 
108, Dallas, Texas 

Editor: B. J. Ulrich, Sr., West Virginia 
University, Morgantown, West Virginia 

Exec. Comm.: B. J. Ulrich, Sr., H. C. 
Martin 

Prog. Chm.: O. E. Lancaster, Pennsy]- 
vania State University, University Park, 
Pa. 


Agricultural: 

Chairman: A. W. Farrall, Head, Agricul- 
tural Engr. Dept., Michigan State Univ., 
East Lansing, Mich. 

V. Chairman: J. B. Liljedahl, Purdue Uni- 
versity, Lafayette, Ind. 

Secretary: Ralph Palmer, Asst. Sec., Amer- 
ican Society of Agri. Engineers, St. 
Joseph, Michigan : 

Repr. on GC: Frank Lanham, Head, Agr. 
Engr. Dept., University of Illinois, 
Urbana, Illinois 

Editor: Howard Wakeland, Asst. Dean, 
College of Engr., University of Illinois, 
Urbana, IIl. 


Exec. Comm.: A. W. Farrall, J. B. Lil- 
jedahl, Ralph Palmer, Earl Swink 

Prog. Chm. Blaine Parker, Head, Agri- 
cultural Engineering, University of Ken- 
tucky, Lexington, Ky. 


Architectural: 

Chairman: P. E. Soneson, Purdue Univer- 
sity, Lafayette, Ind. 

Prog. & V. Chairman: G. H. Albright, 
Pennsylvania State University, Univer- 
sity Park, Pa. 

Secretary: W. Strode, University of Kan- 
sas, Lawrence, Kansas 

Repr. on GC: M. W. Isenberg, Pennsyl- 
vania State University, University Park, 
Pa. 


Chemical: 

Chairman: C. R. Wilke, Chemical Engi- 
neering Dept., University of California, 
Berkeley, Calif. 

V. Chairman: C. E. Littlejohn, Clemson 
College, Clemson, S. C. 

Secretary: L. B. Andersen, University of 
Minnesota, Minneapolis, Minnesota 
Repr. on GC: R. W. Moulton, University 
of Washington, Seattle, Washington 


Civil Engineering: 
Chairman: F. B. Farquharson, University 
of Washington, Seattle, Washington 
Prog. & V. Chairman: E. E. Johnson, 
South Dakota State College, Brookings, 
South Dakota 
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Secretary: G. R. Shaw, Rensselaer Poly- 
technic Institute, Troy, New York 

Repr. on GC: R. C. Brinker, Texas West- 
ern College, El Paso, Texas 

Editor: G. R. Shaw, Rensselaer Polytech- 
nic Institute, Troy, New York 

Exec. Comm.: C. H. Oglesby, L. R. 
Heiple, W. S. LaLonde, Jr., P. F. Keim, 
M. E. Bender, Harmer A. Weeden 


Cooperative Education: 

Chairman: Harold Dent, General Motors 
Institute, Flint, Mich. 

Prog. & V. Chairman: Robert Auld, Fenn 
College, Cleveland, Ohio 

Secretary: G. W. Bergren, Purdue Uni- 
versity, Lafayette, Ind. 

Repr. on GC: Roy Wooldridge, North- 
eastern University, Boston, Mass. 

Editor: G. W. Bergren, Purdue Univer- 
sity, Lafayette, Ind. 

Exec. Comm.: Harold Dent, Robert Auld, 
G. W. Bergren, Roy Wooldridge 


Educational Methods: 

Chairman: W. K. LeBold, Purdue Uni- 
versity, Lafayette, Ind. 

Prog. & V. Chairman: H. A. Foecke, 
Notre Dame University, Notre Dame, 
Indiana 

Secretary: Thomas Boyle, Duke Univer- 
sity, Durham, North Carolina 

Repr. on GC: Charles Schaffner, Brooklyn 
Polytechnic Institute, Brooklyn, New 
York 

Editor: 

Exec. Comm.: C. Schaffner, Otis Lan- 
caster, W. K. LeBold, H. A. Foecke, 
Thomas Boyle 


Electrical Engineering: 

Chairman: W. B. Boast, Iowa State Uni- 
versity, Ames, Iowa 

Prog. & V. Chairman: B. J. Dasher, Geor- 
gia Institute of Technology, Atlanta, 
Georgia 

Secretary: R. K. Moore, University of New 
Mexico, Albuquerque, New Mexico 

Repr. on GC: J. Stuart Johnson, Wayne 
State University, Detroit, Michigan 

Editor: B. J. Dasher, Georgia Institute of 
Technology, Atlanta, Georgia 

Exec. Comm.: W. B. Boast, B. J. Dasher, 
R. K. Moore, J. S. Johnson, J. H. Mul- 
ligan, Jr. 


Engineering Economy: 
Chairman: N. N. Barish, New York Uni- 
versity, University Heights, New York 
53, New York 
V. Chairman: G. J. Matchett, Illinois In- 
stitute of Technology, Technology Cen- 
ter, Chicago, Illinois 
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Secretary: R. O. Swalm, Syracuse Uni- 
versity, Syracuse, N. Y. 

Repr. on GC: F. A. Gitzendanner, Stand- 
ard Oil Company (Indiana), Box 431, 
Whiting, Indiana 

Editor: Arthur Lesser, Jr., Stevens Insti- 
tute of Technology, Hoboken, New 
Jersey 

Exec. Comm.: N. N. Barish, G. J. Mat- 
chett, R. O. Swalm, F. A. Gitzendanner, 
Arthur Lesser, Jr. 

Prog. Chm.: N. N. Barish, New York Uni- 
versity, University Heights, New York 


Engineering Graphics: 

Chairman: Irwin Wladaver, New York 
University, University Heights, New 
York 53, New York 

V. Chairman: E. M. Griswold, Cooper 
Union, New York 3, N. Y. 

Secretary: C. P. Buck, Syracuse Univer- 
sity, Syracuse 10, N. Y. 

Treasurer: E. G. Pare, Washington State 
University, Pullman, Washington 

Repr. on G.C: J. S. Rising, Iowa State 
University, Ames, Iowa 

Editor: W. L. Shick, University of Illinois, 
Urbana, Illinois 

Exec. Comm.: I. Wladaver, E. M. Gris- 
wold, C. P. Buck, L. C. Christianson, 
A. Jorgensen, M. McNeary, B. L. Well- 
man, E. D. Black, E. G. Pare, E. W. 
Jacunski, W. L. Schick, R. H. Ham- 
mond, R. D. LaRue, J. S. Rising 

Pro. Chm.: Irwin Wladaver, E. M. Gris- 
wold 


English: 

Chairman: W. H. Crater, Newark College 
of Engineering, Newark, New Jersey 
Ist V. Chairman: Frank Smith, Air Force 

Institute of Technology, Wright-Pat- 
terson Air Base, Ohio 
2nd V. Chairman: 

Secretary: George Crouch, University of 
Pittsburgh, Pittsburgh, Pennsylvania 
Repr. on GC: James Souther, University 
of Washington, Seattle, Washington 
Editor: N. W. Woodruff, Jr., Carnegie In- 
stitute of Technology, Pittsburgh, Pa. 
Exec. Comm.: W. H. Crater, Frank Smith, 
George Crouch, James Souther, N. W. 

Woodruff 


Evening Engineering Education: 
Chairman: W. R. Turkes, 502 Engineer- 
ing Hall, University of Pittsburgh, Pitts- 
burgh, Pa. 
Prog. & V. Chairman: R. S. Ramsey, Car- 
negie Institute of Technology, Pitts- 
burgh, Pa. 
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Secretary: F. R. Michael, Bell Telephone 
Laboratories, Murray Hill, New Jersey 

Repr. on GC: E. A. Salma, New York 
University, University Heights, New 
York 53, N. Y. 

Exec. Comm.: W. R. Turkes, R. S. Ram- 
sey, F. R. Michael, E. A. Salma 


Graduate Studies: 
Chairman: D. H. Pletta, Virginia Poly- 
technic Institute, Blacksburg, Virginia 
V. Chairman: E. E. Litkenhous, Vander- 
bilt University, Nashville,. Tennessee 
Secretary: G. D. Lobingier, Westinghouse 
Education Foundation, 401 Liberty 
Avenue, Pittsburgh, Pa. 

Repr. on GC: J. L. Meriam, Univ. of 
California, Berkeley, Calif. 

Editor: T. L. Martin 

Exec. Comm.: G. F. Corcoran. P. M. 
Ferguson, D. C. Drucker, Joseph Waling 

Prog. Chm.: D. H. Pletta, Box 366 Blacks- 
burg, Va. 


Humanities and Social Sciences: 

Chairman: B. W. Whitlock, Case Institute 
of Technology, Cleveland, Ohio 

Prog. & V. Chairman: W. F. Edington, 
General Motors Institute, Flint, Mich- 
igan 

Secretary: Amy V. Hall, 6225 Nelson 
Avenue, West Vancouver, British Co- 
lumbia 

Repr. on GC: G. A. Gullette, North Caro- 
lina State College, Raleigh, North Caro- 
lina 

Editor: Amy V. Hall, 6225 Nelson Avenue, 
West Vancouver, British Columbia 

Exec. Comm.: B. W. Whitlock, W. F. 
Edington, Amy V. Hall, W. H. Daven- 
port, S. P. Olmstead, S. W. Chapman, 
F. R. Smith 


Industrial Engineering: 
Chairman: Harold Amrine, Purdue Uni- 
versity, Lafayette, Ind. 
V. Chairman: A. R. Burgess, Texas A. & 
M. College, College Station, Texas 
Secretary: John Imhoff, University of 
Arkansas, Fayetteville, Arkansas 

Editor: H. T. Elrod, University of Hous- 
ton, Houston, Texas 

Repr. on GC: R. G. Carson, North Caro- 
a State College, Raleigh, North Caro- 
ina 

Exec. Comm.: Harold Amrine, A. R. Bur- 
gess, John Imhoff, H. T. Elrod, R. G. 
Carson, G. Nadler 

Prog. Chm.: H. T. Amrine, Dept. of In- 
dustrial Engineering, Purdue University, 
Lafayette, Ind. 


Mathematics: 


Chairman: W. T. Guy, University of 
Texas, University Station, Austin, Texas 

V. Chairman: J. J. L. Hinrichsen, Iowa 
State University, Ames, Iowa 

Secretary: W. E. Restemeyer, University 
of Cincinnati, Cincinnati, Ohio 

Editor: W. E. Restemeyer, University of 
Cincinnati, Cincinnati, Ohio 

Repr. on GC: H. A. Giddings, Bell Tele- 
phone Laboratories, Murray Hill, New 
Jersey 

Exec. Comm.: W. T. Guy, J. J. L. Hin- 
richsen, W. E. Restemeyer, C. R. Wylie, 
Randolph Church, Sam Selby 

Prog. Chm., W. T. Guy, University of 
Texas, University Station, Austin, Tex. 


Mechanical Engineering: 


Chairman: Joseph Modrey, Mechanical 
Engineering Department, Union Col- 
lege, Schenectady, New York 

V. Chairman: A. B. Cambel, Northwestern 
University, Evanston, Illinois 

Secretary: A. S. Hall, Purdue University, 
Lafayette, Indiana 

Repr. on GC: V. L. Doughtie, University 
of Texas, Austin, Texas 

Exec. Comm.: Joseph Modrey, A. B. 
Cambel, A. S. Hall, V. L. Doughtie, 
Serge Gratch, R. M. Phelan, V. M. 
Faires 

Prog. Chm.: Serge Gratch, Northwestern 
University, Evanston, Ill. R. M. Phelan, 
Cornell University, Ithaca, N. Y. 


Heat Power Subdivision: 


Chairman: Serge Gratch, Mechanical En- 
gineering Department, Northwestern 
University, Evanston, Illinois 

V. Chairman: A. K. Oppenheim, in ab- 
sentia Serge Gratch acting 

Secretary: C. J. Kippenham, Washington 
University, St. Louis, Missouri 

Editor: J. J. Kauzlarich, Worcester Poly- 
technic Institute, Worcester, Mass. 


Machine Design & Manufacturing Proc- 


esses Subdivision: 

Chairman: W. M. Phelan, Cornell Uni- 
versity, Ithaca, N. Y. 

V. Chairman: L. F. Kreisle, University of 
Texas, Austin, Tex. 

Secretary: J. B. Hartman, Lehigh Univer- 
sity, Bethlehem, Pa. 

Editor: A. C. Dunk, Purdue University, 
Lafayette, Indiana 


Mechanics: 


Chairman: J. O. Smith, University of II- 
linois, Urbana, 

Pro. Chm.: J. L. Meriam, University of 
California, Berkeley, California 
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Secretary: Ist Lt. J. A. Weese, CMR 2-854 
USAF Academy, Colorado 

Editor: A. W. Davis, Iowa State Univer- 
sity, Ames, Iowa 

Exec. Comm.: D. R. Carver, E. J. Marmo, 
E. P. Popov, F. P. Beer, D. C. Drucker, 
E. C. Clark, I. H. Shames 

Repr. on GC: H. R. Lissner, Wayne State 
University, Detroit, Michigan 


Mineral Engineering: 
Chairman: R. E. Swift, University of Ken- 
tucky, Lexington, Ky. 
V. Chairman: T. H. Kuhn, Colorado 
School of Mines, Golden, Colorado 
Prog. Chm.: T. H. Kuhn, Colorado School 
of Mines, Golden, Colorado 

Secretary: H. W. Ahrenholz, University 
of Alabama, University, Alabama 

Repr. on GC: Reinhardt Schuhmann, Jr., 
Purdue University, Lafayette, Indiana 

Exec. Comm.: H. W. Ahrenholz, T. H. 
Kuhn, R. Schuhmann, Jr., R. E. Swift 


Physics: 

Chairman: F. E. Myers, Argonne National 
Laboratory, 9700 South Cass Avenue, 
Argonne, Illinois 

V. Chairman: Frank Verbrugge, Univer- 
sity of Minnesota, Minneapolis, Minn. 

Prog. Chm. & Secretary: Lewis Cochran, 
University of Kentucky, Lexington, 
Kentucky 

Editor: C. E. Bennett, University of 
Maine, Orono, Maine 

Repr. on GC: M. W. White, Pennsylvania 
State University, University Park, Pa. 

Exec. Comm.: J. G. Potter, H. M. James, 
P. F. Bartunek, T. R. Cuykendall 


Relations with Industry: 
Chairman: Cornelius Wandmacher, Dean, 
College of Engineering, University of 
Cincinnati, Cincinnati, Ohio 
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V. Chairman: B. C. Baker, Technical Em- 
ploy. Mgr., Minnesota Mining & Mfg. 
Company, 900 Bush Avenue, St. Paul, 
Minn. 

Secretary: C. H. Ebert, Jr., Westinghouse 
Electric Corp., East Pittsburgh, Pa. 
Editor: R. O. Darling, General Motors 

Corporation, Detroit, Michigan 

Repr. on GC: R. A. Emerson, Industrial 
Relations Supervisor, E. I. duPont de 
Nemours & Co., Wilmington, Delaware 

Prog. Chm.: H. G. Goehring, Manager, 
College Recruiting, Reynolds Metals 
Co., 6601 Broad St., Richmond, Vir- 
ginia 

Exec. Comm.: C. H. Ebert, Jr., D. E. 
Irwin, B. C. Baker, H. R. Bintzer, D. 
C. Hunt, W. D. Mcllvaine, R. O. Dar- 
ling, H. E. McCallick, R. J. Panlener, 
H. E. Heath, P. H. Robbins, D. Thomas, 
L. Wandmacher 


Technical Institute: 

Chairman: A. Ray Sims, Dean, College of 
Technology, University of Houston, 
Houston, Tex. 

V. Chairman: H. W. Hartley, Northrop 
Institute of Technology, Inglewood, 
Calif. 

Secretary: E. W. Smith, Cogswell Poly- 
technic College, San Francisco, Calif. 

Editor: Jeanne Miller, McGraw-Hill Book 
Company, New York, New York 

Repr. on GC: K. L. Holderman, Penn- 
sylvania State University, University 
Park, Pa. 

Treasurer: D. C. Metz, University of Day- 
ton, Dayton, Ohio 

Exec. Comm.: A. Ray Sims, H. W. Hart- 
ley, E. W. Smith, K. L. Holderman, 
Jeanne Miller, D. C. Metz 

Prog. Chm.: Dana B. Hamel, Executive 
Vice President, Ohio College of Ap- 
plied Science, Cincinnati 10, Ohio 


Officers of Sections, 1960-61 


Allegheny: 

Chairman: E. R. Schatz, Carnegie Insti- 
tute of Technology, Pittsburgh, Penn- 
sylvania 

V. Chairman: O. E. Lancaster, Pennsyl- 
vania State University, University Park, 
Pa. 

Secretary: J. J. Stewart, Carnegie Inst. of 
Technology, Pittsburgh, Pennsylvania 
GC Repr.: C. H. Cather, West Virginia 

University, Morgantown, West Virginia 


Illinois-Indiana: 

Chairman: Peter Chiarulli, Illinois Insti- 
tute of Technology, Chicago, Illinois 

V. Chairman: Edward W. Jargen, Uni- 
versity of Notre Dame, Notre Dame, 
Indiana 

Secretary: Elton W. Jones, Illinois Insti- 
tute of Technology, Chicago, Illinois 

GC Repr.: Russell E. Gibbs, Bradley Uni- 
versity, Peoria, Ill. 
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Exec. Comm.: K. E. Botkin, W. E. Miller, 
D. I. Bolden, C. R. Chapman, S. Gural- 
nick, W. T. Brazelton, C. Allen, J. B. 
Matthews 


Kansas-Nebraska: 

Chairman: H. L. Kipp, University of Kan- 
sas, Lawrence, Kansas 

V. Chairman: T. T. Aakhus, University of 
Nebraska, Lincoln, Nebraska 

Secretary: John Shupe, Kansas State Uni- 
versity, Manhattan, Kansas 

GC Repr.: M. E. Raville, Kansas State 
University, Manhattan, Kansas 


Michigan: 

Chairman: C. E. Cutts, Michigan State 
University, East Lansing, Michigan 

V. Chairman: J. Stuart Johnson, Wayne 
State University, Detroit, Michigan 

Secretary: W. F. Edington, General Mo- 
tors Institute, Flint, Mich. 

GC Repr.: M. M. Ryan, Lawrence Inst. 
of Tech., Detroit, Mich. 


Middle Atlantic: 

Chairman: F. L. Singer, New York Uni- 
versity, University Heights, New York, 
N. ¥, 

V. Chairman: W. W. Braunwarth, Bell 
Telephone Laboratories, Murray Hill, 

Secretary: A. A. Kuebler, Rutgers Uni- 
versity, New Brunswick, New Jersey 

GC Repr.: H. L. Bowman, Drexel Insti- 
tute of Technology, Philadelphia, Pa. 

YET Repr.: G. W. Zuspan, Drexel Insti- 
tute of Technology, Philadelphia, Pa. 


Missouri Arkansas: 

Chairman: V. T. Allen, St. Louis Univer- 
sity, St. Louis, Mo. 

lst V. Chairman: J. L. Imhoff, University 
of Arkansas, Fayetteville, Arkansas 

Secretary: J. F. McCarthy, St. Louis Uni- 
versity, St. Louis, Mo. 

GC Repr.: Dudley Thompson, Missouri 
School of Mines and Metallurgy, Rolla, 
Mo. 

2nd V. Chairman: N. C. Burbank, Wash- 
ington University, St. Louis, Mo. 

RWI Liaison: 

YET Repr.: 

Exec. Comm.: V. T. Allen, J. L. Imhoff, 
J. F. McCarthy, Dudley Thompson 


National Capital Area: 
Chairman: G. H. Hickox; Fort Belvoir, 
Virginia 
V. Chairman: R. M. Johnston, U. S. Naval 
Academy, Annapolis, Md. 
Secretary: F. A. Biberstein, Catholic Uni- 
versity of America, Washington, D. C. 
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GC Repr.: H. H. Arsmby, U. S. Office of 
Education, Washington, D. C. 

Exec. Comm.: G. H. Hickox, R. M. Johns- 
ton, F. A. Biberstein, H. H. Armsby 


New England: 


Chairman: E. F. Littleton, Tufts Univer- 
sity, Medford, Mass. 

Secretary: -K. E. Scott, Worcester Poly- 
technic Institute, Worcester, Mass. 

GC Repr.: J. S. Marcus, University of 
Massachusetts, Amherst, Mass. 

YET Repr.: A. Yorra, Northeastern Uni- 
versity, Boston, Mass. 

RWI Liaison: W. E. Keith, New England 
Tel. & Tel. Co., 185 Franklin Street, 
Boston 7, Mass. 

Physics Liaison: C. E. Bennett, University 
of Maine, Orono, Maine 


North Midwest: 


Chairman: Raymond Kipp, Marquette 
University, Milwaukee, Wisconsin 

. V. Chairman: Clyde Work, Michigan Col- 
lege of Mining and Technology, Hough- 
ton, Michigan 

Secretary: Elmer Weiter, Marquette Uni- 
versity, Milwaukee, Wisconsin 

GC Repr.: P. A. Cartwright, University 
of Minnesota, Minneapolis, Minnesota 

YET Repr.: Carl Ambal, Iowa State Uni- 
versity, Ames, Iowa 

RWI Liaison: T. J. Higgins, University of 
Wisconsin, Madison, Wisconsin 

Exec. Comm.: C. O. Anderson, W. H. 
Gamble, D. H. Madsen, O. E. Manz, 
S. S. Barich, George Washa, M. L. 
Regness 


Ohio Section: 


Chairman: R. S. Green, Ohio State Uni- 
versity, 156 West 19th Avenue, Co- 
lumbus 10, Ohio 

V. Chairman: R. D. Landon, University 
of Akron, Akron, Ohio 

North. Ohio: 

V. Chairman: L. F. Hicks, Ohio Univer- 
sity, Athens, Ohio 

South. Ohio: 

Sec. Treas.: P. T. Yarrington, Ohio State 
University, 140 West 18th Avenue, Co- 
lumbus 10, Ohio 

GC Repr.: Maurice Graney, University of 
Dayton, Dayton, Ohio 

RWI Repr.: R. J. Anderson, Battelle 
Memorial Institute, 505 King Avenue, 
Columbus 2, Ohio 

Physic Lia.: J. J. Turin, University of 
Toledo, Toledo, Ohio 

Other Liaison: J. D. Coleman, Frigidaire 
Division, 5715 Free Pike Dayton, Ohio 
C. E. Taylor, Fisher Body Division, 


Mfg. : 
Paul, 
house 
= 
lotors 
strial 
it de 
‘ware 
ager, 
fetals 
Vir- 
: 
Dar- 
ener, 
mas, 
ge of 
ston, 
throp 
vood, 
Poly- 
Calif. 
Book 
‘enn- 
| 
Day- 
Tart. 
man, 
utive 
Ap- 
nsti- 
Uni- 
ame, 
nsti- 
is 
Uni- 


254 JOURNAL OF ENGINEERING EDUCATION 


General Motors Corp., Cleveland Plant, 
Cleveland, Ohio 

Exec. Comm.: R. S. Green, R. D. Landon, 
L. F. Hicks, P. T. Yarrington, Maurice 
Graney, N. R. Rimboi 


Pacific Northwest: 

Chairman: H. P. Mittet, University of 
Washington, Seattle, Washington 

V. Chairman: F. D. Robbins, University 
of Washington, Seattle, Washington 

Secretary: W. L. Dunn, University of 
Washington, Seattle, Washington 

GC Repr.: G. J. Herman, Montana State 
College, Bozeman, Montana 

YET Repr.: 


Pacific-Southwest: 

Chairman: Robert J. Parden, Dean, Col- 
lege of Engineering, University of Santa 
Clara, Santa Clara, California 

V. Chairman: A. C. Ingersoll, Assoc. Pro- 
fessor of Civil Engr., California Insti- 
tute of Technology, Pasadena, Calif. . 

V. Chm. for Affairs: H. P. Skamser, Dean, 
College of Engineering, California State 
Polytechnic College, Pomona, Calif. 

V. Chm. for Projects: J. S. Campbell, 
Assoc. Professor of Industrial Engineer- 
ing, University of California, Berkeley, 
Calif. 

Secretary: W. D. Mcllvaine, c/o Engi- 
neering Department, University of Cali- 
fornia, Los Angeles, California 

Exec. Comm.: C. F. Garland, Jack 
Kadushin, C. H. Lewis, R. W. Waymack 


Rocky Mountain: 

Chairman: A. J. McGaw, University of 
Wyoming, Laramie, Wyoming 

V. Chairman: H. B. Johnson, III, Univer- 
sity of Colorado, Boulder, Colorado 

Secretary: N. D. Morgan, University of 
Wyoming, Laramie, Wyoming 

GC Repr.: W. H. Parks, University of 
Denver, Denver, Colo. 

YET Repr.: J. J. Christensen, Brigham 
Young University, Salt Lake City, Utah 

RWI Repr.: G. W. LeMaire, Colorado 
School of Mines, Golden, Colorado 

Other Liaison: A. Frietsche, Utah State 
University, Logan, Utah 

Alternate 

GC Repr.: R. D. LaRue, Colorado State 
University, Fort Collins, Colorado 


Southeastern: 
Chairman: W. J. Seeley, Duke University, 
Durham, N. Carolina 
Secretary: L. E. Schoonmaker, University 
of Florida, Gainesville, Florida 


GC Repr.: E. E. Litkenhous, Vanderbilt 
University, Nashville, Tennessee 
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YET Repr.: E. C. Woodward, University 
of South Carolina, Columbia, South 
Carolina 

RWI Liaison: F. T. Carroll, Louisiana 
State University, Baton Rouge, Louisiana 

Physics Lia.: A. C. Menius, North Caro- 
_— State College, Raleigh, North Caro- 
ina 


Administrative Division: 

Chairman: R. E. Shaver, University of 
Kentucky, Lexington, Kentucky 

V. Chairman: H. C. Simrall, Mississippi 
State University, State College, Missis- 
sippi 

Secretary: F. H. Pumphrey, Auburn Uni- 
versity, Auburn, Ala. 


Instructional Division: 

Chairman: J. S. Brown, Tennessee Poly- 
technic Institute, Cookeville, Tennessee 

V. Chairman: Charlie Scott, Mississippi 
State University, State College, Missis- 
sippi 

Secretary: W. R. McIntosh, University of 
Louisville, Louisville, Kentucky 


Research Division: 

Chairman: M. E. Forsman, University of 
Florida, Gainesville, Florida 

V. Chairman: P. H. McDonald, Jr., North 
Carolina State College, Raleigh, North 
Carolina 

Secretary: C. E. Littlejohn, Clemson Col- 
lege, Clemson, S. C. 

Treasurer: M. E. Forsman, University of 
Florida, Gainesville, Florida 


Liaison: 
Humanities: E. W. Paul, University of 
Louisville, Louisville, Kentucky 
Graduate Study: R. L. Sweigert, Georgia 
Institute of Technology, Atlanta, Geor- 


gia 

Coop. Engr.: S. E. Fisher, University of 
Louisville, Louisville, Kentucky 

Educ. Methods: H. A. Romanowitz, Uni- 
versity of Kentucky, Louisville, Ken- 
tucky . 

Aero. Engr.: F. S. Edwards, Mississippi 
State University, State College, Missis- 
sippi 

Chem. Engr.: C. E. Littlejohn, Clemson 
A & M, Clemson, S. C. 

Civil Engr.: L. K. Himelright, The Cita- 
del, Military College of South Carolina, 
Charleston, S. C. 

Elec. Engr.: R. D. Bourne, Vanderbilt 
University, Nashville, Tennessee 

Engr. Graphics: W. E. Dessauer, Tulane 
University, New Orleans, Louisiana 
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Engr. Mechanics: W. B. Stiles, University 
of Alabama, University, Alabama 

Mechanical Engr.: J. W. Lindau, Univer- 
sity of South Carolina, Columbia, S. C. 

Mathematics: D. M. Peterson, North Caro- 
lina State College, Raleigh, North Caro- 
lina 

Southwest: 

Chairman: G. B. Tims, Jr., Lamar State 
College of Technology, Beaumont, 
Texas 

V. Chairman: I. W. Roark, University of 
Tulsa, Tulsa, Oklahoma 

Secretary: Jack Lenhart, University of 
Texas, Austin, Texas 

GC Repr.: Frank Bromilow, New Mexico 
State University, University Park, New 
Mexico 
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YET Repr.: H. H. Bartel, Jr., Southern 
Methodist University, Dallas, Texas 
RWI Liaison: R. M. Adams, University of 

Houston, Houston, Tex. 
Physics Lia.: H. E. Harrington, Oklahoma 
State University, Stillwater, Oklahoma 


Upper New York-Ontario: 

Chairman:.C. M. Fogel, University of 
Buffalo, Buffalo, N. Y. 

V. Chairman: R. D. Larson, Clarkson 
College of Technology, Potsdam, New 
York 

Secretary: R. L. Disney, University of 
Buffalo, Buffalo, N. Y. 

GC Repr.: R. B. Russ, Union College, 
Schenectady, New York 

RWI Repr.: A. M. Dumont, General Elec- 
tric Company, Schenectady, New York 


On Generalization of the Angular Momentum Equation 


(Continued from p. 238) 


The ryz axes are again fixed in the body, 


but the origin is now at the mass center. 
Resolving the hinge force into compo- 
nents F,; and F along the'z and z axes, 
the Euler equations give 


— Fil = 1,6. (7) 


To determine F,, introduce the transla- 


tion equations for the mass center 
F, — mg sin 6 = maz, (8) 
Fs + mg cos 0 = maz, 

with the kinematic restraints 


az, cos + a, sin — 16 cos 


+ 1@ sin @ = Ey = — w°A sin wt 
a;, sin — cos — 16 sin 
cos = 0. 


Substituting Equation (9) into (8) and 
solving for 


F, = — mw?A sin wt cos 0 
+ ml6 + mgsin@ (10) 


and using Equation (10) in (7) and noting 
that 


= Iy — ml? 
gives Equation (6) precisely. 
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Teaching Positions Available 


ELECTRICAL ENGINEERING— 


Ph.D.’s or equivalent needed to imple- - 


ment a doctoral program in engineering. 
Electrical fields of interest are computers, 
advanced circuit theory, advanced com- 
munications, control engineering, and 
solid-state. Liberal employment policies 
and fringe benefits, excellent opportu- 
nities for research and graduate teach- 
ing, tremendous potential for develop- 
ment in a highly industrialized area. 
Write Frederic P. Fischer, Chairman, 
Electrical Engineering Department, Uni- 
versity of Buffalo, Buffalo 14, New York. 


MECHANICAL ENGINEERING. MAN 
required in the machine design area 
starting September 1, 1961. Excellent 
opportunity to teach and direct under- 
graduate and graduate programs. De- 
velop courses and research for a new 
Cooperative Ph.D. program which is 
sponsored heavily by local industries and 
a sizeable foundation grant. Salary and 
rank will depend on educational back- 
ground and experience. Write to J. W. 
Bunting, Head, Mechanical Engineering 
Department, University of Cincinnati, 
Cincinnati 21, Ohio. 


TWO OPENINGS IN MECHANICAL 
engineering for young Ph.D.’s—one in 
thermodynamics-heat transfer and one in 
design. Research opportunities. Walter 
J. Seeley, Dean, College of Engineering, 
Duke University, Durham, North Caro- 
lina. 


EXCELLENT OPPORTUNITIES 
available at San Jose State College in 
electrical and mechanical engineering be- 
ginning either February or September 
1961. Appointments at Associate Pro- 
fessor level to qualified Ph.D.’s. Located 
in San Francisco Bay Area, center of ex- 
panding research, development, and 
manufacturing activities. Contact Nor- 


man O. Gunderson, Dean of Engineer- 
ing, San Jose State College, San Jose 
14, California. 


OPPORTUNITIES AT OHIO COL 
lege of Applied Science, Cincinnati 
Ohio, for qualified men in Electrical 
Engineering Technology and Civil Ep 
gineering Technology. Preference given 
to a Professioal Engineer who would like 
to teach application. These jobs arg 
challenging with excellent future po 
sibilities. Address inquiries to Dean Edm 
ward L. Fleckenstein, Ohio College ¢ 
Applied Science, 1104 Walnut Streg 
Cincinnati 10, Ohio. 


OVERSEAS. ROBERT COLLEGE, 
Istanbul, Turkey, presents a challenge 
education in a vital part of the world 
West and Middle East are contributig 
side by side to the development of 
young and vigorous nation. Opporti 
nities are available in engineering, bug 
ness administration and economics, th 
sciences, and the humanities. Graduaifil 
degrees required. Address inquiries 
Dr. Howard P. Hall, Dean of Facul 
Robert College, Bebek Post Box 8, Istan 
bul, Turkey; with copy to the Near 
College Association, 548 Fifth Aven 
New York 36, New York. 


ASSOCIATE PROFESSOR OF INDUS 
trial Engineering, masters degree neces 
sary, Ph.D. and/or P.E. desirable. Ma 
jor interest and experience in productid 
and operations research. Opportunity 
succeed present department chairman i 
1962, and to develop consulting practi¢ 
Prefer engineer with considerable ind 
trial experience who would like to enté 
teaching as a career. Salary open. Maga 
ture engineer 40-55. North Dakota. 


MECHANICS. TEACHING AND B 
search in dynamics, structural mechani¢ 
elasticity, dynamics. Rank and sala 
consistent with experience and educatia 
Send biographical data to Profess 
Harry R. Nara, Head, Department @ 
Civil Engineering and Engineering Mé 
chanics, Case Institute of Technology 
Cleveland 6, Ohio. 
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STRUCTURAL DESIGNER. TEACH- 
ing and research in the design of struc- 
tural systems. Knowledze of materials 
and experimental methods desirable. 
Rank and salary consistent with experi- 
ence and education. Send biographical 
data to Professor Harry R. Nara, Head, 
Department of Civil Engineering and En- 
gineering Mechanics, Case Institute of 
Technology, Cleveland 6, Ohio. 


TEACHING POSITION IN ELECTRI- 
cal engineering open to teach machinery 
and other undergraduate subjects. Also. 
some graduate courses at night. M.S. or 
Ph.D. preferred. Appointment Feb. or 
Sept. Write to Head Electrical Engi- 
neering Dept., University of Akron, 
Akron 4, Ohio. 


TEACHING POSITION IN ELECTRI- 
cal Engineering. Background in power 
distribution, rotating machinery, and/or 
automatic control theory. General un- 
dergraduate E.E. program. Prefer M.S. 
or B.S. with experience. Appointment 
effective February, 1961. Address: Head, 
Electrical Engineering Department, Col- 
lege of the Pacific, Stockton, California. 


PHYSICAL SCIENCES DEPART- 
ment, Milwaukee School of Engineering, 
Milwaukee, Wisconsin, has position open 
for teacher of physics. Background in 
solid state devices desired. Advancement 
possible through faculty fellowship pro- 
gram. Forward details of education, ex- 
perience, and personal data to Associate 
Dean R. J. Ungrodt. 


CIVIL ENGINEERING ASST. PRO- 
fessor or Instructor needed. M.S. De- 
gree desirable but Instructors working 
toward advanced degree or one experi- 
enced in the Highway field will be con- 
sidered. Start February 1, 1961 or be- 
fore. Write Earl D. Dake, South Dakota 
School of Mines and Technology, Rapid 
City, South Dakota. 


xvii 


MECHANICAL ENGINEERING—AS- 
sistant or Associate Professor to teach 
Thermodynamics, Heat Transfer and Gas 
Dynamics. M.S. degree required, Ph.D. 
desirable. Rank and salary commensu- 
rate with qualifications. Position avail- 
able January 30, 1961. Write E. R. 
Stensaas, Head, Department of Mechan- 
ical Engineering, South Dakota School of 
Mines and Technology, Rapid City, 
South Dakota. 


MECHANICAL ENGINEERING 
teaching position. Assistant and/or As- 
sociate Professor needed. Consulting, re- 
search, and development work permis- 
sible and available for extra compensa- 
tion. Giving full information, apply to: 
Professor C. O. G. Wittig, Head of Me- 
chanical Engineering Department, Speed 
Scientific School, University of Louisville, 
Louisville 8, Kentucky. 


ELECTRICAL ENGINEERING. _IN- 
structor or Assistant Professor. M.S. de- 
gree is minimum requirement; Ph.D. is 
desirable. Emphasis on electro-mechan- 
ical and control systems. Computer in- 
terests desirable. Opportunities for cur- 
riculum development in new 5-year pro- 
gram. Excellent salary scale and fringe 
benefits. Apply to E. P. Nye, Professor 
of Engineering, Trinity College, Hartford 
6, Connecticut. 


“ELECTRICAL ENGINEERING: RE- 
cent Ph.D. or equivalent with interest in 
area of feed-back controls or computers. 
For combined research, graduate and un- 
dergraduate teaching starting September 
1, 1961. Rank and salary commensurate 
with qualifications. Also part-time in- 
structorships for qualified participants in 
M.S. degree program.” Write: Head, 
Electrical Engineering Department, Uni- 
versity of Massachusetts, Amherst, Mas- 
sachusetts. 
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section Meetings 


Section Location of Meeting Dates Chairman of Section 
Allegheny April, 1961 E. R. Schatz, 
Carnegie Institute 
of Technology 
Illinois-Indiana Ill. Inst. of Tech. May 13, 1961 Peter Chiarulli, 
Ill. Inst. of Teth. 
Kansas-Nebraska Kansas State U. Oct., 1961 M. H. Snyder, 
Univ. of Wichita 
Michigan Michigan State U. April 22,1961 C. E. Cutts, 
; Mich. State Univ. 
Middle Atlantic Drexel Inst. of Tech. Dec. 3, 1960 F. L. Singer, 
New York Univ. 
Missouri-Arkansas Saint Louis Univ. April 8, 1961 V. T. Allen, 


National Capital Area 


Jan. 10, 1961 


Saint Louis Univ. 


Geo. H. Hickox, 
Ft. Belvoir, Va. 


New England Brown University Oct., 1961 E. F. Littleton, 
Tufts Univ. 
North Midwest Marquette Univ. Oct., 14-15, _ R. J. Kipp, 
1960 Marquette Univ. 
Ohio Ohio State Univ. April, 1961 R. S. Green, 
Ohio State Univ. 
Pacific Northwest Univ. of Washington May, 1961 H. P. Mittet, 
Univ. of Washington 
Pacific Southwest Stanford University Dec. 28-29,  R. J. Parden, 
1960 U. of Santa Clara 
‘Rocky Mountain University of Apr. 28-29, A. J. McGaw, 
Wyoming 1961 Univ. of Wyoming 
Southeastern Univ of Mississippi April 20-21, W. J. Seeley, 
1961 Duke Univ. 
Southwest Univ. of Tulsa Apr. 7-8, 1961 G. B. Tims, Jr., 
Lamar State College 
Upper N. Y.-Ontario Clarkson College R. D. Larsson, 


Clarkson College 


Mid-Winter Meetings—1961 


Cooperative Education Jan. 23-25 University of Detroit 
Information: D. C. Hunt, Director of Coordination and Placement, University of 
Detroit, Detroit, Mich. 
Engineering Graphics Jan. 19-21 University of Wichita 
Information: A. C. Risser, Head, Engineering Drawing, University of Wichita, 
Wichita, Kansas 
College-Industry Conference 


Feb. 2-3 University of Cincinnati 


Information: C. Wandmacher, Assoc. Dean of Engineering, University of Cin- 
cinnati, Cincinnati, Ohio 
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NEW BOOKS 


IN ELECTRICAL AND CONTROL SYSTEMS 


TRANSISTOR CIRCUIT ANALYSIS 


By MAURICE V. JOYCE and KENNETH K. CLARKE, 
Polytechnic Institute of Brooklyn 


Presents the basic methods of analysis involved in the understanding and 
design of junction transistor circuitry. Restricts transistor models employed 
to a few, easily inter-related ones. Designed for a senior-graduate course, 
contains much unique material and numerous thoughtful problems. 


c. 512 pp, 362 illus, to be published January, 1961 
* probable price $10.75 
PRINCIPLES OF FEEDBACK CONTROL 
By CHARLES H. WILTS, California Institute of Technology 


A clear, rigorous treatment of the analytical methods used in the design of 
feedback systems. Employs a carefully balanced choice of methods and view- 
points, with the frequency-response and the root-locus points of view used in 


alternate solutions. 320 pp, 147 illus, 1960—$8.75 


LINEAR GRAPHS AND ELECTRICAL NETWORKS 
By S. SESHU, Syracuse University, and 
M. B. REED, Michigan State University 


Provides, for electrical engineers, an introduction to the theory of linear 
graphs, and demonstrates the power of these methods in solving network 
problems. Applications are given to electric network theory, switching the- 
ory, and other applications such as signal-flow graphs. 


c. 384 pp, 134 illus, to be published January, 1961 
probable price $10.50 


BOOLEAN ALGEBRA AND ITS APPLICATIONS 
By J. E. WHITESITT, Montana State College 


An introductory treatment of Boolean algebra, designed for the reader with 
limited formal mathematical background. Boolean algebra is the central 
topic, with important applications to algebra of sets, symbolic logic, and 


are. c. 208 pp, 196 illus, to be published January, 1961 
probable price $6.75 
> LINEAR CIRCUITS 
By RONALD E. SCOTT, Northeastern University 


A modern, rigorous introduction to linear circuits, offering a balanced treat- 
ment of time- and frequency-domain methods. Covers such important topics 
as signal-flow graphs, relaxation methods, dummy variables, and s-plane plots. 

Part 1: Time-Domain Analysis 510 pp, 800 illus, 1960—$6.75 

Part 2: Frequency-Domain Analysis c. 500 pp, 400 illus, 1960—$6.75 


THE SIGN OF EXCELLENCE IN SCIENTIFIC AND ENGINEERING BOOKS 


ADDISON-WESLEY PUBLISHING COMPANY, INC. 


Reading, Massachusetts 


XIX 


ogy 
i, 
eh. 
dX, 
a. 
lV. 
> 
ollege 
roit 
rsity of 
chita 
Vichita, 
icinnati 
of Cin- 


Allis-Chalmers 
helps him bring out 
his very best 


Allis-Chalmers Graduate Training Course 
gives special attention to individual talents 
and desires — for on such encouragement 
does the progress of the young engineer, as 
well as his company, depend. 

The beginning engineer chooses a career 
of his liking from fields embracing many 
major industries — electric power, nuclear 
power, mining, cement, agriculture, food 
and chemical processing, steel and many 
others. He trains under the finest engineer- 
ing talent for a maximum of two years — 
his field and capabilities determine the 
length of training. 

Recognizing further that a first choice may 
fall short of expectations, Allis-Chalmers 
permits the trainee to change his course if 
he desires. And, like many before him, he 
has excellent opportunities to achieve pro- 
fessional renown. 


For details, write Allis-Chalmers, Gradu- 
ate Training Section, Milwaukee 1, Wis. 
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Here is a 

partial list of the 
unsurpassed variety 
of career 
opportunities at 
Allis-Chalmers: 


Types of jobs: 
Research 
Design 
Development 
Manufacturing 
Application 
Sales 

Service 


Industries: 
Agriculture 
Cement 
Chemical 
Construction 
Electric Power 
Nuclear Power 
Paper 
Petroleum 
Steel 


Equipment: 
Steam Turbines 
Hydraulic Turbines 
Switchgear 
Transformers 
Electronics 
Reactors 

Kilns 

Crushers 
Tractors 

Earth Movers 
Motors 


ALLIS-CHALMERS 


INDUSTRIAL MEMBER OF THE 


Pumps 
Engines: 
Diesel, Gas 


AMERICAN SOCIETY FOR ENGINEERING EDUCATION 
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McGraw-Hill books 


CAMBELL—Principles of Manufacturing Materials and Processes. Ready in January, 
1961. 


CHERNOV—Wave Propagation in a Random Medium. 176 pages, $7.50. 
CLEMENT & JOHNSON—Electrical Engineering Science. 588 pages, $9.50. 
COLLIN—Field Theory of Guided Waves. 624 pages, $16.50. 

mm =" & PARKER—Principles of Control System Engineering. 704 pages, 


GARVIN—Introduction to Linear Programming. 296 pages, $8.75. 
GREINER—Semiconductor Devices and Applications. Ready in May, 1961. 
HAMMOND—Electrical Engineering. Ready in March, 1961. 
HARRINGTON—Time-Harmonic Electromagnetic Fields. Ready in January, 1961. 
HILL—Electronics in Engineering. Ready in January, 1961. 

IPSEN—Units, Dimensions, and Dimensionless Numbers. 176 pages, $6.50. 
LEDLEY—Digital Computer and Control Engineering. 864 pages, $14.50. 
LEE—Theory and Design of Steam and Gas Turbines. 502 pages, $10.75. 


LEWIS & RANDALL—Thermodynamics, New Second Edition revised by PITZER 
and BREWER. Ready in January, 1961. 


MENZEL, BOYD, and JONES—Writing a Technical Paper. In Press. 
MISHKIN & BRAUN—Adaptive Control Systems. Ready in January, 1961. 
MOORE—Traveling Wave Engineering. 368 pages, $11.00. 


NORRIS & WILBUR—Elementary Structural Analysis, New Second Edition, 672 
pages, $10.50. 


PFEIFFER—Linear Systems Analysis. Ready in January, 1961. 


SAVANT, HOWARD, SOLLOWAY & SAVANT—Principles of Inertial Navigation. 
Ready in January, 1961. 


SCHENCK—Theories of Engineering Experimentation. Ready in March, 1961. 


SCHULTZ—Control of Nuclear Reactors and Power Plants, Second Edition. Ready 
in March, 1961. 


SCOTT—Analog and Digital Computer Technology. 544 pages, $12.75. 
STEEL—Water Supply and Sewerage, Fourth Edition. 688 pages, $11.00. 


SLATER—Quantum Theory of Atomic Structure, Vol. I. 528 pages, $11.00; Vol. II, 
464 pages, $13.00. 


STEWART—Fundamentals of Signal Theory. 346 pages, $9.00. 
STRAUSS—Wave Generation and Shaping. 544 pages, $12.50. 
TATARSKI—Wave Propagation in a Turbulent Medium. Ready in January, 1961. 


TIMOSHENKO & GERE—Theory of Elastic Stability, New Second Edition. Ready 
in February, 1961. 


way : BRAMS—Principles of Mechanics of Solids and Fluids, Vol. I. 400 pages, 
95. 


Send for Copies on Approval 


McGRAW-HILL BOOK COMPANY, Inc. 


New York 36, N. Y. 


330 West 42nd Street 


‘ 
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Return to the Secretary, W. Leighton Collins, University of Illinois, Urbana, III. 
THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


INDIVIDUAL MEMBERSHIP APPLICATION FORM 
Date 


desires to become a member i 


(Signature) 


THE AMERICAN SOCIETY FOR ENGINEERING EDUCATION 


and hereby agrees to conform to the requirements of membership, if elected, and submit 


the following 
STATEMENT OF QUALIFICATIONS 


°° 

(Title) (Department) 

Name of Institution 

Address of Institution 

Academie Degrees UNS 


Give date of birth if under 36 years of age 
Mailing Address for Journal of Engineering Education and dues notices: 


(Street, City, Postal Zone, and State) 


The dues are stated below and are payable on a fiscal year basis, starting July 1. Application 
received after February 1 pay only one-half year’s dues and receive the Journal of Engineering 
Education beginning with the March issue. 


Sponsors (Signature) (Please Print) 


( 


(Signature) (Please Print) 
(To be signed by two Sponsors, Members of ASEE) 
DIVISIONAL AFFILIATION 


Select from the names of the Divisions listed below a primary and secondary divisional interes! 
and state your area of specialization (briefly). 


Primary divisional affiliation 


Area of specialization in primary divisional affiliation... 


Secondary divisional affiliation aaa 


DIVISIONS 
Aeronautical Engineering Engineering Economy Mechanical Engineerin 
Agricultural Engineering » Engineering Graphics Mach. Des., Mfg. , 
Architectural Engineering English Thermo and Power 
Chemical Engineering Evening Engineering Education Mechanics 
Civil Engineering Graduate Studies Mineral Technology 
Constr., Hydr., Sanit., Soil Humanities and Social Sciences Geol., Min., Petrol. 
Mech., Struc., Survey, Transp. Econ., Hist., Languages, Met., Cer. 
Cooperative Education Psych. (specify other) Physics 
Educational Methods Industrial Engineering Relations with Industry 
Electrical Engineering Mathematics Technical Institute 
DUES FOR INDIVIDUAL MEMBERS 
For members over 36 years of age $9.0 
For members under 36 years of age $7.0 


The dues are adjusted each year by the General Council in accordance with the needs of t 
Society. The above dues are currently in effect. By-Law IV states that the ceilings of du¢ 
shall be $10.00 for members over 36 years of age and $7.00 for members whose 36th birthda 
does not occur before July 1 (the beginning of the ASEE fiscal year). 
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JOUR. ENG. ED.—December 1960 


Order Form 


ENGINEERING COLLEGE 
RESEARCH REVIEW 


Mail to: 


W. L. Collins, Secretary 


American Society for Engineering 
Education 


University of Illinois 
Urbana, IIlinois 


Please send me ....... copy(ies) 
of the 1959 Engineering College 
Research Review. 


Payment of $2.00 per copy is en- 
closed 0 


Send invoice with delivery O 


tlhe BESELER 


VU-GRAPH* 


OVERHEAD TRANSPARENCY 
PROJECTOR! 


PROJECTS A HUGE BRILLIANT 
IMAGE BEHIND YOU AS YOU 
FACE YOUR CLASS 


TEACH IN A FULLY LIGHTED ROOM — to watch 
class reactions, permit note-taking 


PROJECT WHAT YOU WRITE, AS YOU WRITE IT 
— to personalize lessons, emphasize specific 
points 

PROJECT ONE TRANSPARENCY OVER ANOTHER 
—to build a complete lesson, step-by-step, 
right before your students’ eyes 


TEACH DRAMATICALLY IN ANY SUBJECT — with 

techniques as unlimited as your own imag- 

ination. . 
In engineering, for example, you can 
teach dynamics step by step with 3 
or 4 overlaid transparencies that show 
how the magnitude and direction of 
vectors build a resultant 
‘orce. 


» 


Write for complete information 


CHARLES BESELER COMPANY 
218 So. 18th Street, East Orange, New Jersey 
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From the 


1960 
324 pages 
165 ill. 

$9.75 


FOUNDATIONS OF 
ELECTRODYNAMICS 


by PARRY MOON, Massachusetts Institute of 
Technology, and DOMINA EBERLE SPENCER, 
University of Connecticut 


This logical, closely knit development of electrody- 
namics for senior or graduate courses covers most 
engineering applications with maximum simplicity 
and minimum ambiguity. Using the logical ap- 
proach, the authors develop field theory on a dis- 
tinctly macroscopic level. For simplicity the non- 
relativistic approach is used in the first ten 
chapters; relativity is considered only in the two 
final chapters. The mks system is employed through- 
out the text. 


JOUR. ENG. ED.—December 196) 


Van NostrRAND Series in 


Electronics and Communication; 


TRANSISTOR CIRCUIT 
ANALYSIS AND DESIGN 


by FRANKLIN C. FITCHEN, 
University of Rhode Island 


This clearly written text presents tran- 
sistor circuits at an intermediate level, 
filling the gap between rigorous studies 
for graduate students and descriptive 
volumes for technicians. Answers to 
problems in the text are available to 
teachers on request. 


1960 368 pp. Text ed. $7.50 


TRANSISTORS: Principles, 
Design, and Applications 


by WOLFGANG W. GARTNER, 
CBS Laboratories 


For graduate courses and reference use, 
this comprehensive study of transistors 
presents detailed accounts of solid 
state physics and semiconductor prop- 
erties, transistor circuit design theory, 
and current applications. 


1960 670 pp. 330 ill. 


BEAM AND WAVE ELECTRONICS IN 
MICROWAVE TUBES 


by RUDOLF G. E. HUTTER, 
Sylvania Electric Products, Inc. 


To make possible a basic understand- 
ing of the operating principles of mi- 
crowave tubes, this new study brings 
together significant and original con- 


tributions by workers in all parts of 
the world. It covers an impressive range 
of microwave devices—from klystrons 
and magnetrons to the most recent 
traveling-wave tubes. 


1960 392 pp. 160 ill. $9.75 
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Valuable additions to Engineerin g Iie ature 


CONTROLLED THERMONUCLEAR 
REACTIONS—An Introduction to Theory 
and Experiment 
by SAMUEL GLASSTONE, Consultant to the United States Atomic Energy 
Commission, and RALPH H. LOVBERG, University of California, Los Alamos 
Scientific Laboratory 
(Prepared under auspices of the Office of Technical Information, United States 
Atomic Energy Commission) 
Suitable for a one-semester course for first-year graduate students, this authori- 
tative new book presents a complete survey of the theoretical and experimental 
aspects of controlled thermonuclear reactions. 
1960 544 pp. 160 ill. $5.60 


AIRBORNE RADAR 


by DONALD J. POVEJSIL, ROBERT S. RAVEN, both of Westinghouse Electric 
yg oi and PETER WATERMAN, Equipment Research Laboratories 
Radar Division 


Designed to provide an understanding of basic radar technology and its relation 
to overall weapons system design, this volume emphasizes the basic principles and 
systems analysis techniques, and shows how mathematical models may help solve 


radar design problems. 
1960 864 pp. 463 ill. about $14.50 


INTERNATIONAL DICTIONARY 
OF APPLIED MATHEMATICS 


This is the first comprehensive single volume that brings together the terms 
and methods of application of mathematics to 32 fields of science and 
engineering. Noted mathematicians, physicists, chemists, and engineers 
from the United States and abroad have contributed to this volume, en- 
suring authoritative selection and careful presentation of the more than 
8,000 terms. Language boundaries are bridged by the inclusion of four 
indices (German, Russian, French and Spanish) which give foreign lan- 
guage equivalents of terms. 


1215 pages 315 illustrations 734 x 10} $25.00 


NOSTRAND COMPANY: Inc. 


“3 : yw 120 ALEXANDER STREET PRINCETON + NEW JERSEY 
Publishers Since 1848 
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An INTRODUCTION to 
TRANSPORTATION ENGINEERING 


By William W. Hay, University of Illinois. This book acquaints the 
general reader with the basic principles of transportation engineering and 
provides the student with a sound basis for specialization in a particular 
branch of transportation at a later time. It deals neither with the design 
of transport facilities nor with the economics of transportation, but rather 
with the technological principles and problems which are involved in the 
movement of persons and goods from one place to another. Instead of 
taking up each mode of transportation separately, the author provides 
4 : an exposition of that “common core” of principles and problems found 
ORE tee in all modes of transportation—railroads, highways, airways, waterways, 
: and pipelines. /96/. Approx. 480 pages. Prob. $9.50. 


INTRODUCTION to CERAMICS 


By W. D. Kingery, Massachusetts Institute of Technology. A pioneer- 
ing book in the new field of physical ceramics and a new approach for an 
introductory ceramics textbook, this work, instead of considering industry 
divisions and specialized small classes of materials, is general in conception 
and based on a rational approach to ceramic phenomena and properties— 
densification during firing, strength, etc. In this way traditional ceramic 
compositions and recent space age uses and functions of ceramics are 
placed in proper perspective for the materials science student and the 
practicing specialist. 4 volume in the Wiley Series on the Science and 
Technology of Materials, F. H. Hollomon, Advisory Editor. 1961. In 
Press. 


MECHANICAL—ELECTRICAL EQUIPMENT 
HANDBOOK for SCHOOL BUILDINGS 


Installation, Maintenance, and Use 


By Harry Terry, Consulting Engineer. Yor the mechanical and elec- 
trical equipment of a school building to give satisfactory service, it must 
be properly installed originally, and thereafter properly maintained and 
operated. The purpose of this book is: to present the various kinds of 
equipment and their operating characteristics; to provide detailed in- 
structions for supervising the installation of the equipment; to illustrate 
actual operating instructions included for typical existing school build- 
ings; and to outline the maintenance of mechanical and electrical equip- 
ment found in school buildings. This book offers a wealth of information 
of great interest and use not only to school architects, engineers, and 
contractors, but also to school boards, principals, and other responsible 
parties. 1960. Approx. 432 pages. Prob. $9.00. 


Send for examination copies now. 


JOHN WILEY & SONS, Inc. 
440 Park Avenue South New York 16, N.Y. 
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